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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for an 
electroless plating capable of suppressing a change of a 
plating liquid with time and carrying out electroless plating 
homogeneously and accurately, and provide a method for 
forming a conductive film. 

SOLUTION: The apparatus for the electroless plating is 
composed of the upper apparatus 20 and the lower 
apparatus 10. The lower apparatus 10 is composed of a 
rotatable spin table 1 1 with a semiconductor wafer W, a 
heater 11a and pipe arrangements 15, 16 and 17 which 
supply (a) pure water, (a) a pre-treating liquid and an 
electroless plating liquid, respectively on the wafer. The 
upper apparatus 20 is composed of a plating cup 21, a 
heater 21a, a stirrer 22, pipe arrangements 24, 25, 26 and 27 
which supply the pure water, the pre- treating liquid and the 
electroless plating liquid and an inert gas, respectively in the 
plating cup 21, and a sealing material 23. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Said plating bath which is installed as it is electroless deposition equipment which forms the 
electric conduction film and the plated field of a plated object expects the inside of a plating bath by 
electroless deposition processing, and separates a plated field from an external ambient atmosphere at 
least, Electroless deposition equipment which has a plating liquid supply means of said plated object to 
supply plating liquid to said plated field at least, and a gas supply means to supply the gas which 
contains inert gas or ammonia gas at least in said plating bath. 

[Claim 2] Electroless deposition equipment according to claim 1 which has a movable attachment 
component for said plated object further in the direction which holds said plated object and counters said 
plating bath. 

[Claim 3] Said plating bath is electroless deposition equipment [ movable in the direction which 
counters the plated field of a plated object ] according to claim 1 . 

[Claim 4] Electroless deposition equipment according to claim 1 which has further a pretreatment liquid 
supply means to supply pretreatment liquid to said plated field of said plated object at least, supplies 
pretreatment liquid from the pretreatment liquid supply means concerned before said electroless 
deposition, and pretreats said plated object. 

[Claim 5] Electroless deposition equipment according to claim 1 which has further a penetrant remover 
supply means to supply a penetrant remover to said plated field of said plated object at least. 
[Claim 6] Electroless deposition equipment according to claim 1 which has further a churning means to 
agitate said plating liquid in said plating bath. 

[Claim 7] Said inert gas is electroless deposition equipment according to claim 1 which is gas which 
contains nitrogen at least. 

[Claim 8] Electroless deposition equipment according to claim 1 with which the temperature control of 
said gas is carried out to 20 degrees C - 95 degrees C. 

[Claim 9] Said attachment component is electroless deposition equipment according to claim 2 which 
has further a heating means to heat said plated object. 

[Claim 10] Said plating bath is electroless deposition equipment according to claim 1 which has further 
a heating means to heat said gas in said plating bath. 

[Claim 1 1] Electroless deposition equipment according to claim 1 which has further a plating liquid 
recovery means to collect said plating liquid. 

[Claim 12] Said plating liquid is electroless deposition equipment according to claim 1 which contains at 
least the 1st metallic material which supplies the principal component of said electric conduction film, a 
complexing agent, a reducing agent, and pH regulator. 

[Claim 13] Said plating liquid is electroless deposition equipment according to claim 12 which contains 
further the 2nd metallic material which supplies the component which raises the barrier ability of said 
electric conduction film. 

[Claim 14] Said complexing agent is electroless deposition equipment containing the 2nd complexing 
agent which promotes dipolar ion type the 1st complexing agent and a plating reaction according to 
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claim 12. 

[Claim 15] Said plating liquid supply means is electroless deposition equipment according to claim 12 
which has a 1st solution supply means to supply the 1st solution which contains said 1st metallic 
material and said complexing agent at least, and a 2nd solution supply means to supply the 2nd solution 
which contains said reducing agent at least. 

[Claim 16] Said plating liquid supply means is electroless deposition equipment according to claim 13 
which has a 1st solution supply means to supply the 1st solution which contains said 1st metallic 
material and said complexing agent at least, a 2nd solution supply means to supply the 2nd solution 
which contains said 2nd metallic material at least, and a 3rd solution supply means to supply the 3rd 
solution which contains said reducing agent at least. 

[Claim 17] Said plating liquid supply means is electroless deposition equipment according to claim 13 
which has a 1st solution supply means to supply the 1st solution which contains said 1st metallic 
material and said complexing agent at least, and a 2nd solution supply means to supply the 2nd solution 
which contains said 2nd metallic material and said reducing agent at least. 

[Claim 18] Said 1st metallic material is electroless deposition equipment containing the compound 
which contains cobalt or nickel at least according to claim 12. 

[Claim 19] Said 1st metallic material is electroless deposition equipment containing a cobalt chloride or 
a nickel chloride according to claim 18. 

[Claim 20] Said 2nd metallic material is electroless deposition equipment containing the compound 
which contains a tungsten or molybdenum at least according to claim 13. 

[Claim 21] Said 2nd metallic material is electroless deposition equipment containing the ammonium salt 
of a tungstic acid or a molybdic acid according to claim 20. 

[Claim 22] Said 1st complexing agent is electroless deposition equipment according to claim 14 which 
contains amino acid at least. 

[Claim 23] Said 2nd complexing agent is electroless deposition equipment according to claim 14 which 
contains an organic acid at least. 

[Claim 24] Said plating liquid is electroless deposition equipment according to claim 12 with which pH 
is adjusted to 7-12. 

[Claim 25] Said plating liquid is electroless deposition equipment according to claim 13 with which pH 
is adjusted to 8-12. 

[Claim 26] Said plating liquid is electroless deposition equipment according to claim 12 with which 
temperature is adjusted to 20-95 degrees C. 

[Claim 27] Said plating liquid is electroless deposition equipment according to claim 18 with which 
temperature is adjusted to 50-95 degrees C. 

[Claim 28] Said 1st metallic material is electroless deposition equipment containing the compound 
which contains copper at least according to claim 12. 

[Claim 29] the liquid to said plated field of said unnecessary plating liquid which remained in said 
plating bath when said plated object and said plating bath were separated after electroless deposition 
termination and said plating liquid on said plated field was removed - the electroless deposition 
equipment according to claim 1 which has further a cutoff means to prevent whom. 
[Claim 30] The process which is the approach of forming the electric conduction film, installs it by 
electroless deposition processing as expects the plated field of a plated object to the inside of a plating 
bath, and separates the plated field concerned from an external ambient atmosphere at least, The gas 
supply process which supplies the gas which contains inert gas or ammonia gas at least in said plating 
bath, The formation approach of the electric conduction film which forms the electric conduction film 
by electroless deposition processing while it has the plating liquid supply process of said plated object 
which supplies plating liquid to said plated field at least and the inside of said plating bath is filled up 
with said gas. 

[Claim 31] The formation approach of the electric conduction film according to claim 30 which supplies 
the plating liquid which contains at least the 1st metallic material which supplies the principal 
component of said electric conduction film, a complexing agent, a reducing agent, and pH regulator in 
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said plating liquid supply process. 

[Claim 32] The formation approach of the electric conduction film according to claim 31 which supplies 
the plating liquid which contains further the 2nd metallic material which supplies the component which 
raises barrier ability to said electric conduction film in said plating liquid supply process. 
[Claim 33] The formation approach of the electric conduction film according to claim 31 which supplies 
die plating liquid which contains the 1st dipolar ion type complexing agent and the 2nd complexing 
agent which promotes a plating reaction as said complexing agent. 

[Claim 34] The formation approach of the electric conduction film according to claim 31 which supplies 
separately the 1st solution which contains said 1st metallic material and said complexing agent at least, 
and the 2nd solution which contains said reducing agent at least in said plating liquid supply process. 
[Claim 35] The formation approach of the electric conduction film according to claim 32 which supplies 
separately the 1st solution which contains said 1st metallic material and said complexing agent at least, 
the 2nd solution which contains said 2nd metallic material at least, and the 3rd solution which contains 
said reducing agent at least in said plating liquid supply process. 

[Claim 36] The formation approach of the electric conduction film according to claim 32 which supplies 
separately the 1st solution which contains said 1st metallic material and said complexing agent at least, 
and the 2nd solution which contains said 2nd metallic material and said reducing agent at least in said 
plating liquid supply process. 

[Claim 37] The formation approach of the electric conduction film according to claim 31 which supplies 
the plating liquid which contains the compound which contains cobalt or nickel at least as said 1st 
metallic material. 

[Claim 38] The formation approach of the electric conduction film according to claim 37 which supplies 
the plating liquid containing a cobalt chloride or a nickel chloride as said 1st metallic material. 
[Claim 39] The formation approach of the electric conduction film according to claim 32 which supplies 
the plating liquid which contains the compound which contains a tungsten or molybdenum at least as 
said 2nd metallic material. 

[Claim 40] The formation approach of the electric conduction film according to claim 39 which supplies 
the plating liquid containing the ammonium salt of a tungstic acid or a molybdic acid as said 2nd 
metallic material. 

[Claim 41] The formation approach of the electric conduction film according to claim 33 which supplies 
the plating liquid containing amino acid as said 1st complexing agent. 

[Claim 42] The formation approach of the electric conduction film according to claim 33 which supplies 
the plating liquid containing an organic acid as said 2nd complexing agent. 

[Claim 43] The formation approach of the electric conduction film according to claim 31 which supplies 

the plating liquid with which pH is adjusted to 7-12 in said plating liquid supply process. 

[Claim 44] The formation approach of the electric conduction film according to claim 32 which supplies 

the plating liquid with which pH is adjusted to 8-12 in said plating liquid supply process. 

[Claim 45] The formation approach of the electric conduction film according to claim 31 which supplies 

the plating liquid with which temperature is adjusted to 20-95 degrees C in said plating liquid supply 

process. 

[Claim 46] The formation approach of the electric conduction film according to claim 37 which supplies 
the plating liquid with which temperature is adjusted to 50-95 degrees C in said plating liquid supply 
process. 

[Claim 47] The formation approach of the electric conduction film according to claim 3 1 which supplies 
the plating liquid which contains the compound which contains copper at least as said 1st metallic 
material. 

[Claim 48] the liquid to said plated field of said unnecessary plating liquid which remained in said 
plating bath by separating said plated object and said plating bath after electroless deposition 
termination, having further the process which removes said plating liquid on said plated field, and 
establishing a cutoff means between said plated objects and said plating baths the formation approach 
of the electric conduction film according to claim 30 which prevents whom. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the formation approach of the electroless 
deposition equipment for forming the conductive layer which has barrier metal ability about the 
formation approach of electroless deposition equipment and the electric conduction film, and the electric 
conduction film. 
[0002] 

[Description of the Prior Art] Conventionally, as an ingredient of detailed wiring of the semiconductor 
device which forms an integrated circuit at high density and is obtained, aluminum or its alloy has been 
widely used on a semiconductor wafer. However, in order to raise the working speed of a semiconductor 
device further, it is necessary to use ingredients, such as copper with more low specific resistance, and 
silver, as an ingredient of the above-mentioned wiring. Especially copper has specific resistance as low 
as 1 .8microomegacm, and to the top advantageous to improvement in the speed of a semiconductor 
device, since it is high in an about single figure compared with an aluminum system alloy, 
electromigration resistance is attracting attention as a next-generation ingredient. 
[0003] However, it is easy to diffuse copper into insulating ingredients, such as silicon oxide, and has 
the description that a diffusion rate is also quick. So, in using copper as a wiring material, the barrier 
metal layer which prevents copper diffusion is formed in the boundary section of copper and an 
insulating ingredient, and it usually corresponds to it. As for the ingredient used as the above-mentioned 
barrier metal layer, a tantalum, tantalum nitride, titanium, titanium nitride, a tungsten, or a nitriding 
tungsten is used. 

[0004] the above-mentioned barrier metal layer - the former - for example, PVD(s) (Physical Vapor 
Deposition), such as sputtering, ~ law or CVD (Chemical Vapor Deposition) - it formed by law etc. - 
izing however, a semiconductor device ~ detailed-izing - and it integrates highly ~ alike - following - 
the wiring Ruhr - the same - 0.13 micrometers or less - detailed - Although interlay er insulation 
films, such as silicon oxide which covers a component as the height of a semiconductor device 
furthermore becomes high, are thick-film-ized inclinations Since the opening area of a connection hole 
(the trench, contact hole, and beer hall which connect between components and between multilayer 
interconnections electrically) is narrowed rather The aspect ratio of a connection hole had turned into 
five or more high aspect ratios, when the barrier metal layer was formed with PVD or a CVD method 
under such a situation, coverage worsened and it was very difficult to form membranes even on the wall 
surface of a connection hole at homogeneity. Moreover, in a CVD method, a material cost is very 
expensive and the problem that it is not yet practical also has it. 

[0005] In order to solve the above-mentioned problem, the technique which forms the CoWP layer used 
as a barrier metal layer in a U.S. Pat. No. 5695810 number official report by the electroless deposition 
method is indicated. 
[0006] 

[Problem(s) to be Solved by the Invention] However, by the approach given in the above-mentioned 
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U.S. Pat. No. 5695810 number official report, since it is easy to produce precipitate of a hydroxide, Co 
ion under CoWP electroless deposition has the problem that LIFE (life) of plating liquid is very short. 
Moreover, it is always necessary to manage pH of plating liquid so that the tungstic acid contained in 
plating liquid may not deposit. Furthermore, although the Dip method with which electroless deposition 
is usually immersed in a plating bath in a plated object is held, application of a Dip method is difficult 
for the electroless deposition liquid for CoWP from the problem of LIFE of the above-mentioned plating 
liquid etc., and there is a technical problem also in instrumentation. 

[0007] This invention is made in view of the above-mentioned problem, and this invention controls 
aging of plating liquid and aims at offering the formation approach of the electroless deposition 
equipment which performs electroless deposition with a precision sufficient to homogeneity, and the 
electric conduction film. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the electroless 
deposition equipment of this invention Said plating bath which is installed as it is electroless deposition 
equipment which forms the electric conduction film and the plated field of a plated object expects the 
inside of a plating bath by electroless deposition processing, and separates a plated field from an 
external ambient atmosphere at least, It has a plating liquid supply means of said plated object to supply 
plating liquid to said plated field at least, and a gas supply means to supply the gas which contains inert 
gas or ammonia gas at least in said plating bath. 

[0009] Suitably, the electroless deposition equipment of this invention holds said plated object, and has 
a movable attachment component for said plated object further in the direction which counters said 
plating bath. Moreover, said plating bath is [0010]. [ movable in the direction which counters the plated 
field of a plated object ] Moreover, it has further a pretreatment liquid supply means to supply 
pretreatment liquid to said plated field of said plated object at least, and before said electroless 
deposition, pretreatment liquid is supplied from the pretreatment liquid supply means concerned, and 
said plated object is pretreated. Moreover, it has further a penetrant remover supply means to supply a 
penetrant remover to said plated field of said plated object at least. 

[001 1] Suitably, it has further a churning means to agitate said plating liquid in said plating bath. For 
example, said inert gas is gas which contains nitrogen at least, and the temperature control of said gas is 
carried out to 20 degrees C - 95 degrees C. 

[0012] Suitably, said attachment component has further a heating means to heat said plated object. 
Moreover, said plating bath has further suitably a heating means to heat said gas in said plating bath. 
[0013] Moreover, for example, it has further a plating liquid recovery means to collect said plating 
liquid. 

[0014] Said plating liquid contains at least the 1st metallic material which supplies the principal 
component of said electric conduction film, a complexing agent, a reducing agent, and pH regulator. 
Furthermore, the 2nd metallic material which supplies the component which raises the barrier ability of 
said electric conduction film may be contained further. 

[0015] The electroless deposition equipment of this invention has suitably a 1st solution supply means to 
supply the 1st solution with which said plating liquid supply means contains said 1st metallic material 
and said complexing agent at least, and a 2nd solution supply means to supply the 2nd solution which 
contains said reducing agent at least. Moreover, said plating liquid supply means has suitably a 1st 
solution supply means to supply the 1st solution which contains said 1st metallic material and said 
complexing agent at least, a 2nd solution supply means to supply the 2nd solution which contains said 
2nd metallic material at least, and a 3rd solution supply means to supply the 3rd solution which contains 
said reducing agent at least. Or the electroless deposition equipment of this invention has suitably a 1st 
solution supply means to supply the 1st solution with which said plating liquid supply means contains 
said 1st metallic material and said complexing agent at least, and a 2nd solution supply means to supply 
the 2nd solution which contains said 2nd metallic material and said reducing agent at least. 
[0016] For example, said complexing agent contains the 2nd complexing agent which promotes dipolar 
ion type the 1st complexing agent and a plating reaction. Moreover, for example, said 1st metallic 
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material contains compounds which contain cobalt or nickel at least, such as a cobalt chloride or a nickel 
chloride. Or for example, said 1st metallic material contains the compound which contains copper at 
least. Moreover, for example, said 2nd metallic material contains compounds which contain a tungsten 
or molybdenum at least, such as ammonium salt of a tungstic acid or a molybdic acid. Moreover, for 
example, said 1st complexing agent contains amino acid at least, and said 2nd complexing agent 
contains an organic acid at least. Moreover, for example, when, as for said plating liquid, pH contains 7- 
12, or the 2nd metallic material, pH is adjusted to 8-12. Furthermore, for example, the temperature of 
plating liquid is adjusted to 20-95 degrees C, and when using said plating liquid with which said 1st 
metallic material contains the compound which contains cobalt or nickel at least, temperature is adjusted 
to 50-95 degrees C. 

[0017] moreover, the liquid to said plated field of said unnecessary plating liquid which remained in said 
plating bath when said plated object and said plating bath were separated after electroless deposition 
termination and said plating liquid on said plated field was removed - it is desirable to have further a 
cutoff means to prevent whom. 

[0018] As the plated field of a plated object expects the inside of a plating bath, it is installed, and the 
inside of the plating bath concerned separated from the external ambient atmosphere in the plated field 
at least is made to fill up with the electroless deposition equipment of above-mentioned this invention by 
gas, such as inert gas, such as nitrogen gas, or ammonia gas, first. Next, plating liquid is supplied to the 
plated field of a plated object, and a plated field is plated while a churning means maintains the plating 
liquid concerned at homogeneity. At this time, a maintenance means and the heating means of a plating 
bath are operated if needed, and a plated field and gas are heated to constant temperature. In addition, 
reduction of LIFE of the plating liquid by the reduction reaction with a reducing agent is prevented by 
taking means by which a reducing agent and the 2nd metallic material supply the chelate solution of the 
1st metallic material independently. 

[0019] According to the electroless deposition equipment of above-mentioned this invention, since 
oxidation of plating liquid, precipitate of the pH decrease of plating liquid and the hydroxide of Co ion, 
etc. can be prevented, it can plate with your making it filled up with inert gas, such as nitrogen heated by 
the plating bath, to homogeneity by the ability preventing fluctuation of the plating rate by aging of 
plating liquid. Moreover, washing and pretreatment before and behind electroless deposition can be 
performed without moving a plated object, and it can use properly according to the class of plating of 
washing of a plated field, pretreatment, etc., without making pretreatment within a plating bath, 
electroless deposition, and a plating bath separate from a plated object, and separating from an external 
ambient atmosphere. 

[0020] In order to attain the above-mentioned purpose, moreover, the formation approach of the electric 
conduction film of this invention The process which is the approach of forming the electric conduction 
film, installs it by electroless deposition processing as expects the plated field of a plated object to the 
inside of a plating bath, and separates the plated field concerned from an external ambient atmosphere at 
least, The gas supply process which supplies the gas which contains inert gas or ammonia gas at least in 
said plating bath, It has the plating liquid supply process of said plated object which supplies plating 
liquid to said plated field at least, and the electric conduction film is formed by electroless deposition 
processing, filling up the inside of said plating bath with said gas. 

[0021] In said plating liquid supply process, the plating liquid which contains at least the 1st metallic 
material which supplies the principal component of said electric conduction film, a complexing agent, a 
reducing agent, and pH regulator is supplied. Moreover, the plating liquid which contains further the 
2nd metallic material which supplies the component which raises barrier ability to said electric 
conduction film can also be supplied. 

[0022] For example, the plating liquid which contains the 1st dipolar ion type complexing agent and the 
2nd complexing agent which promotes a plating reaction as said complexing agent is supplied. 
[0023] The formation approach of the electric conduction film of this invention supplies separately 
suitably the 1st solution which contains said 1st metallic material and said complexing agent at least in 
said plating liquid supply process, and the 2nd solution which contains said reducing agent at least. 
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Moreover, the 1st solution which contains said 1st metallic material and said complexing agent at least 
in said plating liquid supply process, the 2nd solution which contains said 2nd metallic material at least, 
and the 3rd solution which contains said reducing agent at least are supplied separately suitably. Or the 
1st solution which contains said 1st metallic material and said complexing agent at least in said plating 
liquid supply process, and the 2nd solution which contains said 2nd metallic material and said reducing 
agent at least are supplied separately suitably. 

[0024] For example, after performing washing processing of the plated field of a plated object, and 
pretreatment, a plated field is separated from an external ambient atmosphere with a plating bath, and 
the inside of the plating bath concerned is made to fill up with the formation approach of the electric 
conduction film of above-mentioned this invention by gas, such as inert gas, such as nitrogen gas, or 
ammonia gas. Next, plating liquid is supplied to the plated field of a plated object, and a plated field is 
plated. At this time, rate fluctuation of plating is prevented by adjusting plating liquid to constant 
temperature. In addition, reduction of LIFE of the plating liquid by the reduction reaction with a 
reducing agent is prevented by taking means by which a reducing agent and the 2nd metallic material 
supply the chelate solution of the 1st metallic material independently. 

[0025] According to the formation approach of the electric conduction film of above-mentioned this 
invention, since precipitate of the hydroxide of metal ions, such as degradation by oxidization of the 
plating liquid by oxygen, and a pH decrease of plating liquid, cobalt, can be prevented, it can plate with 
your making it filled up with inert gas, such as nitrogen heated by the plating bath, etc. to homogeneity 
by the ability preventing fluctuation of the plating rate by aging of plating liquid. 
[0026] 

[Embodiment of the Invention] Below, the gestalt of implementation of the formation approach of the 
electroless deposition equipment of this invention and the electric conduction film is explained with 
reference to a drawing. 

[0027] Drawing 1 is the outline block diagram of the electroless deposition equipment of this operation 
gestalt. Electroless deposition equipment is divided roughly and consists of up equipment 20 and lower 
equipment 10. Lower equipment 10 holds semiconductor wafer W. The pivotable spin table 11, Heater 
1 la embedded in the spin table 11, and on Wafer W Pure water, pretreatment liquid, Drug solutions, 
such as electroless deposition liquid The piping 15, 16, and 17 supplied from a non-illustrated tank, 
respectively, And it consists of piping 14 which supplies the outside tub 12 which holds the superfluous 
drug solution with which it overflowed from Wafer W, and the penetrant remover which washes the rear 
face of Wafer W from a non-illustrated tank, a scrub member 13 which carries out the scrub of the rear 
face of a wafer. With above lower equipment 10, washing of the plated field of Wafer W, pretreatment, 
plating, etc. can be processed by spin spreading and paddle processing which are mentioned later. 
[0028] Heater 21a by which up equipment 20 was embedded in the plating cup (plating bath) 21 and the 
plating cup 21, An agitator 22 and the piping 24, 25, 26, and 27 which supplies in the plating cup 21, 
respectively from pure water, pretreatment liquid, electroless deposition liquid, and the tank and bomb 
whose inert gas is not illustrated, It consists of seal members 23 which seal the contact section of the 
plating cup 21 and Wafer W at the time of forming the electroless deposition equipment of this 
invention. 

[0029] The actuation in the case of plating on Wafer W is explained using above electroless deposition 
equipment. In the electroless deposition of this invention, two configurations can be taken as a 
configuration which performs electroless deposition. That is, they are the approach of plating by spin 
spreading or paddle processing only using lower equipment 10, and the approach of plating using the 
electroless deposition equipment 1 which combined the plating cup 21 and the spin table 11. 
[0030] Drawing 2 is an outline block diagram at the time of forming electroless deposition equipment 1 
with the plating cup 21 and a spin table 11. Make the above-mentioned plating cup 21 drive below using 
a motor etc., or a spin table 1 1 is made to drive upwards using a motor etc., the contact section of the 
plating cup 21 and Wafer W is sealed by the seal member 23, and electroless deposition equipment 1 is 
formed. 

[0031] The actuation in the case of performing electroless deposition is explained using the electroless 
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deposition equipment 1 shown in above-mentioned drawing 2 . First, the spin table 1 1 shown in drawin g 

2 is filled up with nitrogen in the plating cup 21 through piping 27 from a non-illustrated bomb, where 
Wafer W is held. At this time, it is desirable to fill up the inside of the plating cup 21 with nitrogen, 
forming a non-illustrated exhaust pipe in the plating cup 21, and exhausting the gas in the plating cup 
21 . Moreover, the heat insulation effect of plating liquid also has nitrogen by making plating liquid into 
equivalent temperature. Next, plating liquid M is supplied in the plating cup 21 through piping 26 from a 
non-illustrated tank, rotating an agitator 22, if the inside of the plating cup 21 is enough filled up with 
nitrogen. Moreover, the heaters 1 la and 21a embedded in the spin table 1 1 and the plating cup 21 are 
operated, respectively, and the nitrogen in Wafer W and the plating cup 21 is heated to predetermined 
temperature. Thereby, electroless deposition is performed and homogeneous good plating deposits on 
Wafer W by the temperature control at a churning operation of the plating liquid by the agitator 22, and 
Heaters 11a and 21a. 

[0032] As shown in drawing 1 after plating termination, a spin table 1 1 is dropped and the plating liquid 
in the plating cup 21 is discharged in the outside tub 12. preparing a movable shutter between the plating 
cup 21 and semiconductor wafer W, and separating into it, although illustration has not been carried out 
at this time - the liquid from the plating cup 21 - it is desirable to prevent whom. By rotating a spin 
table 1 1 in this condition, the plating liquid adhering to the front face of Wafer W is dispersed according 
to that centrifugal force. Then, it washes by spraying pure water on the front face of Wafer W through 
piping 24 from a non-illustrated tank. 

[0033] Next, how to carry out electroless deposition by paddle processing is explained using lower 
equipment 10. Drawing 3 is drawing for paddle processing (liquid peak) to explain the actuation in the 
case of plating with lower equipment 10. First, while it had been made [ or ] to stop as shown in drawing 

3 (a), rotating a spin table 1 1, plating liquid is supplied on Wafer W from piping 17a. When the spin 
table 1 1 is rotating, piping 17a may be made to rock from the periphery of Wafer W to inner 
circumference, or from inner circumference to a periphery. Next, as shown in drawing 3 (b), rotation of 
a spin table 1 1 is stopped, for example, paddle processing (liquid peak) is performed for 1 - 2 minutes in 
the place where plating liquid M spread round the whole surface. Next, as shown in drawing ^ (c), a spin 
table 1 1 is rotated and plating liquid is shaken off according to the centrifugal force of the rotation. It 
can plate by repeating each process to above-mentioned drawing 3 (a) - (c) according to the need for 
each processing. The above-mentioned approach has the merit that the plating liquid to be used can be 
reduced compared with the Dip method which plates by making Wafer W immersed in a plating bath, 
and the spin spreading method which supplies plating liquid at any time while rotating a spin table. 
[0034] In addition, when performing the above-mentioned approach, heater 11a embedded at the spin 
table 1 1 can maintain the temperature of the plating liquid under plating at predetermined temperature 
by adjusting the temperature of Wafer W. Furthermore, in order to prevent reduction of LIFE of plating 
liquid, it is desirable to hold plating liquid separately on two or more tanks, and to mix and supply 
before the supply point. 

[0035] Drawing 4 is drawing having shown the supply approach of the electroless deposition liquid in 
the case of performing electroless deposition using electroless deposition equipment 1. In drawing 4 (a), 
it is an example of a configuration in the case of holding separately on two or more tanks whose 
component contained in electroless deposition liquid is not illustrated, and supplying into the plating cup 
21 separately from two or more piping 26a and 26b. If it holds mixing the component contained in 
electroless deposition liquid to the same tank, this supply approach is effective, when each component 
reacts mutually and LIFE of plating liquid becomes short, and in this case, as shown in drawin g^ , each 
component will be separately supplied into the plating cup 21, it will mix with an agitator 22, and it will 
perform electroless deposition. In addition, supply of plating liquid M may be supplied in the plating 
cup 21, after holding each component of plating liquid M separately by two or more tanks and mixing 
before a supply nozzle. 

[0036] In drawing 4 (b), it is an example at the time of circulating the plating liquid in the plating cup 
21, and making it plating liquid always serve as a presentation of homogeneity by collecting the plating 
liquid in the plating cup 21 from piping 1 8, and returning to a tank 19 again, holding the component 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



2/15/2007 



: Jlf,2001-316834,A [DETAILED DESCRIPTION] 



Page 6 of 1 3 



i 

contained in electroless deposition liquid at predetermined temperature on a tank 19, and supplying into 
the plating cup 21 from piping 26. This supply approach has it, especially when plating liquid always 
needs to make that presentation homogeneity, in order for that presentation to carry out aging by the 
reaction. [ effective ] 

[0037] By in addition, the thing for which plating is collected using piping 18, holding plating liquid on 
two or more tanks, and supplying into the plating cup 21 by separate piping combining drawing 4 (a) 
and drawing 4 (b) It is also possible to circulate the plating liquid in the plating cup 21, and to make it 
plating liquid always serve as a presentation of homogeneity, controlling aging within the tank 19 of 
plating liquid, and gathering the utilization ratio of plating liquid further. Moreover, it is also possible to 
dispose of the plating liquid which is possible also for collecting the plating liquid in the plating cup 21, 
and returning to the tank 19 after purification, and was collected as waste fluid by piping 18. Not only 
supply of plating liquid but the supply approach of the plating liquid to the above-mentioned plating cup 
21 can be applied to the supply approach of the pretreatment liquid before electroless deposition. 
[0038] According to the electroless deposition equipment of the operation gestalt of above-mentioned 
this invention, degradation or precipitate by drug solution oxidation in an oxygen ambient atmosphere 
etc. can be prevented because you make it filled up with the nitrogen heated in the plating cup 21 . 
Moreover, when the fall of pH by volatilization of the ammonia gas in plating liquid can be prevented 
and cobalt is included in plating liquid, precipitate of the hydroxide of cobalt ion can be prevented. 
Moreover, plating can be performed by paddle processing or the cup processing from the plating cup 21 
if needed. Moreover, it can carry out, without washing before and behind electroless deposition moving 
a wafer. Moreover, it can plate to homogeneity by the ability maintaining plating temperature by 
forming a heater in a plating cup and a spin table. Furthermore, since the spin table and the plating cup 
are installed in the vertical approach, a gilding machine with a small equipment area is realizable. 
[0039] Next, the gestalt of implementation of the formation approach of the electric conduction film 
using the electroless deposition equipment of this invention is explained with reference to a drawing. 
[0040] Drawing 5 is the sectional view of the semiconductor device which formed the electric 
conduction film by the formation approach of the electric conduction film concerning this operation 
gestalt. On the semi-conductor substrate 30 in which the semiconductor device of an MOS transistor or 
others was formed, the 1st insulator layer 40 which consists of silicon oxide is formed, opening which 
reaches the semi-conductor substrate 30 is formed in the 1st insulator layer 40, and the 1st wiring 50 
which consists of conductive ingredients, such as copper, polish recon, or a tungsten, is formed. The 2nd 
etching stopper 44 which consists of the 2nd insulator layer 41 which consists of silicon oxide, the 1st 
etching stopper 42 which consists of silicon nitride, the 3rd insulator layer 43 which consists of silicon 
oxide, and silicon nitride carries out a laminating to the 1st insulator layer 40 and the upper layer of the 
1st wiring 50, and is formed in them. 

[0041] The slot for wiring (Gl, G2) is formed in the 3rd above-mentioned insulator layer 43 and the 
above-mentioned 2nd etching stopper 44, and the contact hole C2 to which the 2nd insulator layer 41 
and the 1st etching stopper 42 are penetrated, and the top face of the 1st wiring 50 is exposed further is 
opened for free passage and formed in the above-mentioned slot Gl for wiring. [ in the contact hole C2 
open for free passage, the slot Gl for wiring, and the slot G2 for wiring ] Barrier metal layer 51a which 
consists of CoWP (cobalt tungsten alloy containing Lynn) etc. has covered the wall surface. Conductive 
layer 52a which consists of copper is embedded and formed in the interior, the contact plug P and the 
2nd wiring W2 are formed in a contact hole C2 and the slot Gl for wiring, and 3rd wiring W3 is formed 
in the slot G2 for wiring, respectively. In the above-mentioned structure, the 2nd wiring W2 has 
composition connected to the 1st wiring 50 which is lower layer wiring through the contact plug P. 
[0042] The formation approach of the above-mentioned electric conduction film is explained with 
reference to a drawing, first, the semi-conductor substrate 30 top which formed the semiconductor 
device (un-illustrating) of an MOS transistor or others as shown in drawing 6 (a) - for example, CVD 
(Chemical Vapor Deposition) - silicon oxide is made to deposit by law etc. and the 1st insulator layer 
40 is formed. Next, opening which reaches the semi-conductor substrate 30 is formed in the 1st insulator 
layer 40, conductive ingredients, such as copper, polish recon, or a tungsten, are embedded, and the 1st 
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wiring 50 is formed. 

[0043] Next, as shown in drawing 6 (b), silicon oxide is made to deposit on the 1st insulator layer 40 
and the upper layer of the 1st wiring 50 with a CVD method, the 2nd insulator layer 41 is formed, 
further, silicon nitride is made to deposit on the upper layer with a CVD method, and the 1st etching 
stopper 42 is formed in it. 

[0044] Next, as shown in drawing 6 (c), according to a photolithography process, patterning formation 
of the resist film Rl which carries out opening is carried out, RIE (reactive ion etching) etc. is etched 
into the pattern of a contact hole by using the resist film Rl as a mask, and the pattern opening CI to 
which the top face of the 1st insulator layer 41 is exposed to the 1st etching stopper 42 is formed in the 
upper layer of the 1st etching stopper 42. 

[0045] Next, as shown in drawing 7 (a), silicon oxide is made to deposit on the inside of the pattern 
opening CI, and the upper layer of the 1st etching stopper 42 with a CVD method, the 3rd insulator 
layer 43 is formed, further, silicon nitride is made to deposit on the upper layer with a CVD method, and 
the 2nd etching stopper 44 is formed in it. 

[0046] Next, as shown in drawing 7 (b), patterning formation of the resist film R2 which carries out 
opening to the pattern of the slot for wiring at the upper layer of the 2nd etching stopper 44 is carried out 
according to a photolithography process. Next, by using the resist film R2 as a mask, RIE etc. is etched, 
pattern processing of the 2nd etching stopper 44 is carried out, further, RIE of the conditions which can 
carry out etching removal of the 2nd insulator layer 43 alternatively to the 1st etching stopper 42 etc. is 
etched, and the slot for wiring (Gl, G2) is formed in the 3rd insulator layer 43 and the 2nd etching 
stopper 44. At this time, by using the 1st etching stopper 42 as a mask, etching removal also of the 1st 
insulator layer 41 of pattern opening CI field is carried out, and the contact hole C2 to which the top 
face of the 1st wiring 50 is exposed is opened for free passage and formed in the slot Gl for wiring by 
arranging the pattern opening CI formed at the above-mentioned 1st etching stopper 42 in the field used 
as the slot for wiring (Gl, G2). 

[0047] Next, as shown in drawing 8 (a), the internal surface of a contact hole C2 and the slot for wiring 
(Gl, G2) is covered, and the barrier metal layer 51 which consists of CoWP (cobalt tungsten alloy 
containing Lynn) is formed in the whole surface as electric conduction film by electroless deposition 
processing concerning this invention. Activation (catalyst-izing) processing can be performed according 
to the process which needs to use the high metal of catalyst nature, such as palladium, and needs to 
perform activation (catalyst-izing) processing as pretreatment of electroless deposition in formation of 
the above-mentioned barrier metal layer 51 here on a plated front face (electric conduction film front 
faces, such as insulator layer front faces, such as silicon oxide, and copper, polish recon, or a tungsten), 
for example, is shown below. 

[0048] Process 1 :pure-water washing (pure-water rinse) ~ it installs in the spin table 1 1 showing the 
above-mentioned wafer W in drawing 1 first, and pure water is supplied to a wafer W front face from 
piping 15, pure- water washing is performed, and spin desiccation after washing is performed. In 
addition, the heated warm water is sufficient as pure water, and it is also possible to perform ultrasonic 
pure-water washing. 

[0049] Process 2: Perform the following pretreatments on pretreatment, next the spin table 1 1 shown in 
drawing 1 . In addition, each process is performed the spin coat which supplies a drug solution at any 
time while making the wafer W front face on a spin table 1 1 rotate a spin table 1 1 , and by forming the 
paddle processing which will be made to suspend a spin table and will carry out the liquid peak if a drug 
solution spreads, or electroless deposition equipment 1, and especially the approach is not limited. 

(1) hydrophilization ****-- first, on a plated front face (silicon oxide, silicon nitride, exposure front 
face of the 1st wiring), a drug solution is supplied, oxidize it, introduce a hydroxyl group (- OH radical) 
into a front face, and carry out hydrophilization of the plated front face. What is necessary is for the drug 
solution concerned just to be able to carry out hydrophilization processing of ozone water, a sulfuric 
acid and hydrogen-peroxide liquid, a hypochlorous acid, ammonia and hydrogen-peroxide liquid, 
permanganic acid ammonium, etc. 

(2) Perform the same processing as a pure-water rinse, next a process 1, and wash a wafer front face. 
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(3) Supply coupling agents, such as silane (titanium) coupling processing next a silane coupling agent, 
or a titanium coupling agent, to a plated field, and carry out covalent bond of the above-mentioned 
hydroxyl group and the above-mentioned coupling agent. Thereby, the palladium colloid for catalysts of 
degree process can carry out coordinate bond to the above-mentioned coupling agent, and can heighten 
the adhesive strength (adhesion force) of a plated front face and the palladium colloid for catalysts. 

(4) Perform the same processing as a pure-water rinse, next a process 1, and wash a wafer front face. 

(5) Supply the drug solution containing catalyst metals, such as catalyst-ized processing, next palladium 
colloid protected by tin chloride, to a plated field, carry out coordinate bond of the tin atom of tin 
chloride to a coupling agent, and combine the above-mentioned catalyst metal with a plated front face. If 
the above-mentioned drug solution is carried out, they are Catalyst9F of SHIPURE, and Enthone-OMI, 
for example. The Enplate Activator444 grade of a shrine can be used. 

(6) Perform the same processing as a pure-water rinse, next a process 1, and wash a wafer front face. 

(7) Accelerator^ of for example, SHIPURE and Accelerator240 grade are supplied to activation, next a 
plated field, exfoliate tin chloride from the palladium colloid protected by the above-mentioned tin 
chloride, expose palladium (catalyst metal), and carry out activation. The copper returned on this 
exposed palladium will deposit. 

(8) Perform the same processing as a pure-water rinse, next a process 1, and wash a wafer front face. 

(9) Rotate spin desiccation, next a spin table 1 1, and disperse the drug solution on a wafer according to a 
centrifugal force (spin desiccation). In addition, it is not necessary to necessarily perform the above- 
mentioned process altogether, and hydrophilization processing of (1), the pure-water rinse of (2), the 
pure-water rinse of (4), catalyst-ized processing of (5), etc. can be omitted by the case. 

[0050] Process 3: As it is the barrier metal electroless deposition above, using the electroless deposition 
equipment 1 shown in drawing 2, supply the electroless deposition liquid shown below to a wafer W 
front face, and form the barrier metal layer 51 of uniform thickness all over a plated front face, after 
carrying out activation of the plated front face. For example, each presentation of the plating liquid in 
the case of forming barrier metal by CoP (cobalt containing Lynn), NiP (nickel containing Lynn), CoWP 
(cobalt tungsten alloy containing Lynn), NiWP (nickel tungsten alloy containing Lynn), CoMoP (cobalt 
molybdenum alloy containing Lynn), and NiMoP (nickel molybdenum alloy containing Lynn) is shown 
below. The above-mentioned electroless deposition liquid has at least the 1st metallic material which 
supplies the principal component of the electric conduction film used as for example, a barrier metal 
layer, the 2nd metallic material (unnecessary, when forming barrier metal by CoP and NiP) which 
supplies the component which gives barrier metal ability to the above-mentioned electric conduction 
film, the 1st dipolar ion type complexing agent (the 1st chelating agent), the 2nd complexing agent (the 
2nd chelating agent) which promotes a plating reaction, a reducing agent, and pH regulator. 
[0051] Here, as drawing 4 (a) showed, it plates by holding each component of the above-mentioned 
plating liquid separately on two or three tanks, supplying separately by two or more piping (26a, 26b ...), 
and mixing within the plating cup 21 with an agitator 22. In addition, it may mix in plating cup 21 this 
side, and you may supply in the plating cup 21. Moreover, the approach of circulating the plating liquid 
in the plating cup 21 shown in drawing 4 (b) can also be added. 

[0052] For example, each following component is separately held on a tank, and the plating cup 21 is 
supplied. 

CoP, the NiP barrier metal ** 1st metallic material solution (it consists of the 1st metallic material, the 

1st chelating agent, the 2nd chelating agent, a pH regulator, etc.) 

** Reducing agent (it consists of a reducing agent, a pH regulator, etc.) 

With pH regulator, each above-mentioned drug solution is adjusted to pH 7-12, and is supplied to the 
plating cup 21. 

CoWP, the NiWP (CoMoP, NiMoP) barrier metal (1) ** 1st metallic material solution (it consists of the 
1st metallic material, the 1st chelating agent, the 2nd chelating agent, a pH regulator, etc.) 
** The 2nd metallic material solution (it consists of the 2nd metallic material, a pH regulator, etc.) 
** Reducing agent (it consists of a reducing agent, a pH regulator, etc.) 

With pH regulator, each above-mentioned drug solution is adjusted to pH 8-12, and is supplied to the 
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plating cup 21. 

CoWP, the NiWP (CoMoP, NiMoP) barrier metal (2) ** 1st metallic material solution (it consists of the 
1st metallic material, the 1st chelating agent, the 2nd chelating agent, a pH regulator, etc.) 
** The 2nd metallic material solution and a reducing agent (it consists of the 2nd metallic material, a 
reducing agent, a pH regulator, etc.) 

With pH regulator, each above-mentioned drug solution is adjusted to pH 8-12, and is supplied to the 
plating cup 21. 

[0053] As mentioned above, although cobalt supplies the 1st chelating agent since it tends to produce 
precipitate of a hydroxide in an alkali solution therefore, that we decided to hold on a tank separately 
and to mix in its this side within the plating cup 21 If the reducing agent is beforehand mixed in the 
chelate solution of this cobalt, while the reduction reaction by the reducing agent will advance and LIFE 
of plating liquid will become short, it is because aging arises in the early stages of plating liquid LIFE, 
and the last stage to a membrane formation rate. In addition, by adding the 2nd metallic material, it is 
also checked that a chelate condition becomes unstable and LIFE of plating liquid becomes short further. 
Suppose that it follows, for example, a reducing agent and the 2nd metallic material are held 
independently, and the chelate solution of cobalt is mixed before the plating cup 21 within the plating 
cup 21. In addition, from the above-mentioned reason, since some kinds of combination of supply of 
plating liquid is considered, they is not restricted to the above-mentioned combination. 
[0054] As shown in drawing 3 , the electroless deposition of for example, this cobalt system can be 
plated on a spin table 1 1 here, even if it carries out a spin coat or paddle processing. However, in order 
not to change pH of plating liquid and to maintain plating temperature, it is desirable to plate within the 
plating cup 21 of the closed seal space. With this operation gestalt, since you make it filled up with inert 
gas or ammonia gas, such as nitrogen, and it plates within the plating cup 21 shown in drawing 2 , the 
fall of pH by ammonia evaporating from oxidization of the plating liquid by oxygen, pH regulator, etc. 
and precipitate generating of a cobalt hydroxide can be prevented. In addition, in order to maintain 
plating temperature, as for the temperature of the nitrogen gas to supply or ammonia gas, it is desirable 
to make it the temperature and the EQC of plating liquid. 

[0055] When plating within the plating cup 21 like this operation gestalt, for example, with a 8 inch 
wafer, if the amount of the plating liquid to be used has the plating liquid used by the paddle processing 
shown in drawing 3 at least, and about 100ml of equivalent amounts, it is possible, and can form barrier 
metal by performing plating processing for 30 - 120 seconds. When using 100ml of this plating ****, 
within the plating cup 21, it is considered a 3mm liquid peak condition on Wafer W. In addition, about 
100ml is considered to be the need it being required about 50ml in paddle processing carrying out the 
liquid peak all over wafer W including the amount thrown away by rotation of a spin table 1 1 at the time 
of plating liquid spreading, and repeating twice for plating homogeneity. 

[0056] Here, as shown in drawing 4 (b), plating liquid M is once accumulated in a tank, and it mixes, 
and the configuration which circulates between the plating cups 21 by piping 26 and 1 8 can also be 
taken, and 11. of plating **** is beforehand mixed within the tank 19 in that case. If the inside of a tank 
19 and the plating cup 21 is made into nitrogen-gas-atmosphere mind, at least 5 -hour plating liquid can 
be maintained without deteriorating, and plating of ten or more wafers W is possible for it. Therefore, if 
at least ten sheets can be plated in 5 hours (11. use) even if it takes into consideration the utilization ratio 
of plating liquid M, there is capacity equivalent in 100ml/[ a sheet and ] in paddle processing, and the 
amount of the plating liquid M used can be decreased. 

[0057] Each component of the above-mentioned plating liquid is explained. As the 1st metallic material, 
the compound which contains cobalt or nickel, such as a cobalt chloride or a nickel chloride, for 
example can be used, for example, it considers as the concentration which is 10-100g/l. Moreover, the 
compound containing the tungsten or molybdenum of a tungstic acid or a molybdic acid, such as 
ammonium salt, can be used as the 2nd metallic material, for example, it considers as the concentration 
which is 3-30g/l. In addition, in forming the barrier metal of CoP or NiP, it does not include the 2nd 
metallic material concerned in plating liquid. 

[0058] Moreover, as the 1st complexing agent above-mentioned dipolar ion type, amino acid, such as a 
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glycine, an alanine, a valine, a leucine, an isoleucine, a methionine, a phenylalanine, a proline, a 
tryptophan, a serine, a threonine, a thyrosin, an asparagine, a glutamine, a cysteine, glutamic acid, an 
aspartic acid, a lysine, a histidine, and an arginine, can be used, for example, it considers as the 
concentration which is 2-50g/l., for example. This 1st complexing agent generates a stable chelate. 
[0059] Moreover, as the 2nd complexing agent which promotes the above-mentioned plating reaction, 
organic-acid compounds (ammonium salt), such as succinic-acid ammonium, malic-acid ammonium, 
ammonium citrate, malonic-acid ammonium, and ammonium formate, can be used, for example, for 
example, it considers as the concentration which is 2-50g/l. As for this 2nd complexing agent, a chelate 
becomes is easy to be returned, and it has the facilitatory effect of plating. 

[0060] Moreover, as the above-mentioned reducing agent, hypophosphorous acid ammonium, formalin, 
a glyoxylic acid, a hydrazine, hydroxylation boron ammonium, etc. can be used, for example, for 
example, it considers as the concentration which is 2-200g/l. 

[0061] Moreover, as the above-mentioned pH regulator, ammonium hydroxide, TMAH 
(tetramethylammoniumhydroxide), aqueous ammonia, etc. can be used, and an addition is suitably 
adjusted so that it may become the neutral - alkaline range (it is pH 8-12 when pH includes 7-12, and the 
2nd metallic material in plating liquid) about each above-mentioned plating liquid divided separately. 
As mentioned above, it is desirable for it to be necessary to make pH of the plating liquid after mixing or 
more into eight, therefore to adjust pH of the drug solution of each network before mixing to eight or 
more as electroless deposition liquid for forming CoWP especially. This is because a tungstic acid will 
crystallize if two mols or more of ammonium are required, ammonia volatilizes and pH is less than 8 to 
one mol of tungstic acids in order to maintain tungstic-acid ammonium in the state of a solution. The 
same is said of the case of an ammonium molybdate. Moreover, although nickel and cobalt tend to 
deposit in an alkaline solution, and it becomes easy to deposit the more the more pH is high, it is 
including the 2nd metallic material, and since cobalt and nickel stop being able to deposit easily, it is 
whether to include the 2nd metallic material and setup of pH will differ a little. 
[0062] It is desirable that temperature is adjusted to 20-95 degrees C when using the compound which 
contains nickel as the 1st metallic material, and each above-mentioned electroless deposition liquid has 
the desirable range of 50-95 degrees C, especially when using the compound containing cobalt. This is 
because volatilization of ammonia and the effect of ebullition of a drug solution will appear if it is not 
practical in the temperature of plating liquid being 20 degrees C or 50 degrees C or less in temperature 
since the reaction rate of a plating reaction is slow, and 95 degrees C is exceeded, respectively, so the 
stability of a drug solution falls and is not desirable when using the compound containing nickel or 
cobalt. 

[0063] As electric conduction film used as the barrier metal layer formed in the above, the alloy of the 
metal supplied from the 1st above-mentioned metallic material and the 2nd above-mentioned metallic 
material is formed. When the compound which contains a tungsten or molybdenum as the 2nd metallic 
material which gives barrier metal ability to the electric conduction film is used using the compound 
which contains cobalt or nickel as the 1st metallic material which supplies the principal component of 
the electric conduction film as mentioned above, CoW (cobalt tungsten alloy), NiW (nickel tungsten 
alloy), CoMo (cobalt molybdenum alloy), and NiMo (nickel molybdenum alloy) can be formed. 
Moreover, when hypophosphorous acid ammonium is used as a reducing agent in electroless deposition 
liquid, Lynn is incorporated in the alloy film, for example, when CoWP (cobalt tungsten alloy 
containing Lynn) is formed correctly and it forms other alloy film as above CoW, Lynn is incorporated 
similarly. 

[0064] Process 4: Separate a spin table 1 1 and the plating cup 21 after electroless deposition termination 
of the pure-water washing above, and drain electroless deposition liquid to the outside tub 12. Or when 
taking the configuration of drawing 4 (b), piping 18 may recover plating liquid M on a tank 19. Next, 
electroless deposition equipment 1 is constituted again, pure water is filled in the plating cup 21, an 
agitator 22 is rotated, and washing in the plating cup 21 also washes Wafer W previously. Next, pure 
water is again supplied for pure water to the wafer W front face on a spin table 1 1 after wastewater 
according to separation of a spin table 1 1 and the plating cup 21, pure-water washing is performed, and 
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spin desiccation is performed. 

[0065] Process 5:wiring electroless deposition - as mentioned above, as electroless deposition 
equipment 1 is constituted again and it is shown in drawing 8 (b) after forming the barrier metal layer 5 1 
in the plated front face of Wafer W By for example, electroless deposition processing which makes the 
barrier metal layers 51, such as cobalt tungsten alloy film, a catalyst bed (plated surface coating layer in 
electroless deposition) Embed the inside of a contact hole C2 and the slot for wiring (Gl, G2) on the 
whole surface, for example, copper is made to deposit on the upper layer of the barrier metal layer 51, 
and a conductive layer 52 is formed in it. Since whenever [ catalytic activity ] is high, cobalt does not 
need to pretreat on a plated front face and can make copper deposit in direct electroless deposition 
processing compared with copper. The presentation of the plating liquid of the electroless deposition 
processing for making the above-mentioned copper deposit and the example of plating processing 
conditions are shown below. 
[0066] 

A non-electrolytic copper plating liquid presentation and plating conditions Copper salts (a copper 
chloride, a copper sulfate, a copper nitrate, sulfamic acid copper, etc.) 
: 5-50g/l. Chelating agents (ethylenediamine, EDTA (ethylenediaminetetraacetic acid), etc.) 
: 20-40g/l. Reducing agents (cobalt sulfate etc.) : 25-250g/l. Temperature : 20-50 degrees C pH : 7-12 
Time amount : 1 - lOmin [0067] When electroless deposition equipment 1 performs electroless 
deposition on condition that the above, the solution containing a copper salt and a copper chelating agent 
and the solution containing a reducing agent are divided, respectively, and a tank is held and supplied. 
Here, pH regulator mentioned above adjusts each solution so that pH may be set to 7-12. Since 
especially plating processing of the above-mentioned copper does not need to pretreat on the front face 
of the barrier metal layer 51, copper and a barrier metal layer can be formed continuously, a barrier 
metal layer will consider metallic bond as copper by this, and it can acquire firm adhesion. Plating 
processing of the above-mentioned copper is not restricted to the above-mentioned presentation, and if 
copper deposits, it can be used by any presentations. Moreover, by electroless deposition, form the 
copper seed film, and embed the inside of a contact hole C2 and the slot for wiring (Gl, G2) by 
electrolytic plating after that on the whole surface, for example, copper is made to deposit, and a 
conductive layer 52 may be formed. In addition, copper electroless deposition can also be plated by 
paddle processing which shows the electroless deposition of the above-mentioned barrier metal to 
drawing 3 since plating temperature cannot carry out fluctuation of pH easily highly, either. 
[0068] Process 6: After pure- water washing, next the above-mentioned electroless deposition 
termination, a spin table 1 1 is rotated, and electroless deposition liquid is drained to the outside tub 12, 
supply pure water for pure water to the wafer W front face on a spin table 1 1, perform pure-water 
washing, and perform spin desiccation. 

[0069] CMP (Chemical Mechanical Polishing) after embedding the inside of a contact hole C2 and the 
slot for wiring (Gl, G2) on the whole surface, for example, making copper deposit on the upper layer of 
the barrier metal layer 5 1 and forming a conductive layer 52 in it as mentioned above - the etchback 
processing by the polish processing by law, RIE, etc. removes the conductive layer 52 and the barrier 
metal layer 51 which were deposited on the exterior of a contact hole C2 and the slot for wiring (Gl, 
G2). According to the above process, the semiconductor device shown in drawing 5 can be formed. 
[0070] The formation approach of the electric conduction film using the electroless deposition 
equipment concerning the 2nd operation gestalt of 2nd operation gestalt this invention is explained. 
Barrier metal may be made to form alternatively only on the conductive layer 52 which consists of 
copper of the semiconductor device shown in drawing 5 etc., as shown in drawing 9 . This is because it 
is necessary to form barrier metal in a copper film front face in order to prevent this, since copper is 
spread in an interlayer insulation film if an interlayer insulation film is directly formed in the upper part 
of a copper film when forming the multilayer interconnection of a semiconductor device. How to make 
barrier metal form alternatively only on the conductive layer 52 (copper wiring) shown in above- 
mentioned drawing 9 is explained. 

[0071] Process 1 ipure ******- it installs in the spin table 1 1 showing first the wafer W with which 
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copper wiring was formed in drawin g 1 , pure water is supplied to a wafer W front face through piping 
15 from a non-illustrated tank, and pure-water washing is performed. In addition, the heated warm water 
is sufficient as pure water, and it can also perform ultrasonic pure-water washing. Spin desiccation is 
performed after washing. 

[0072] Process 2: Supply an alkaline-degreasing agent to the wafer on pretreatment 1, next the spin table 
1 1 shown in drawing 1 , wash a copper film front face to it, and raise surface wettability to it. Next, 2 - 
3% of solution of hydrochloric acid is supplied on Wafer W, and neutralization washing is carried out. 
The spin coat of the above-mentioned process may be carried out, and paddle processing may perform it. 
In addition, this pretreatment is also omissible with a case. 

[0073] Process 3: Pretreatment 2, next the electroless deposition equipment 1 of drawing 2 are 
constituted, supply the solution of hydrochloric acid of 2 palladium chlorides (PdC12) in the plating cup 
21, permute the copper film front face of Wafer W by palladium, and form a catalytic activity tub. This 
is plated by the chemical permutation between metals, and uses the ionization tendency of a dissimilar 
metal. The electron emitted with the dissolution of the copper in the inside of a solution since it is a less 
noble metal electrochemically compared with palladium transfers copper to the palladium ion which is 
the noble metals in a solution, and palladium is formed on the copper film front face of base metal. For 
example, as conditions for this palladium permutation plating, temperature carries out by the solution of 
hydrochloric acid of 30-50 degrees C and the 2 palladium chlorides of pH 1-2. In addition, the solution 
of hydrochloric acid of the above-mentioned 2 palladium chlorides is repeatedly usable if even 
management of pH and Pd content is performed. Therefore, it is desirable to process by circulating 
between a tank 19 and the plating cup 21 using the configuration of drawing 4 (b). 
[0074] Process 4: Supply pure water for the solution of hydrochloric acid of the 2 palladium chlorides of 
the pure-water washing above in the plating cup 21 of drawing 2 after recovery to a tank 19, and 
perform pure-water washing. Specifically pure water is collected in the plating cup 21, an agitator 22 is 
rotated, and washing in the plating cup 21 also washes Wafer W previously. Next, a spin table 1 1 and 
the plating cup 21 are separated, pure water is drained to the outside tub 12, it washes by supplying pure 
water to the wafer W front face on a spin table 1 1 through piping 1 5 from a non-illustrated tank again, 
and spin desiccation is performed after that. 

[0075] Process 5: Form barrier metal, such as Co, CoWP, and CoMoP, by electroless deposition 
alternatively on the plated front face (front face of a copper film) as for which catalytic activity was 
carried out by the above-mentioned process within barrier metal selection electroless deposition, next 
the plating cup 21 of drawing 2 . Since this process is the same as that of the electroless deposition 
explained with the 1st operation gestalt, explanation is omitted. 

[0076] Process 6: Perform pure- water washing of Wafer W for pure-water washing electroless 
deposition liquid like [ after collecting on wastewater or a tank 19 ] a process 4 to the outside tub 12. 
The semiconductor device which made barrier metal form alternatively can be formed only on the 
conductive layer 52 which consists of copper shown in drawing 9 according to the above process. 
[0077] According to the formation approach of the electric conduction film concerning this operation 
gestalt, since precipitate of the pH decrease of the plating liquid by oxidation of plating liquid, 
volatilization of ammonia, etc., the hydroxide of a metal ion, etc. can be prevented, it can plate with your 
making it filled up with inert gas, such as nitrogen heated in the plating cup 21, to homogeneity by the 
ability preventing fluctuation of the plating rate by aging of plating liquid. Moreover, when a reducing 
agent and the 2nd metallic material supply the chelate solution of the 1st metallic material 
independently, reduction of LIFE of the plating liquid by the reduction reaction with a reducing agent 
can be prevented. 

[0078] In addition, anything is applicable if it is semiconductor devices which have the connection hole 
and slot wiring of a contact hole, a beer hall, etc., such as an MOS transistor system semiconductor 
device, bipolar ************, a BiCMOS system semiconductor device, and a semiconductor device 
that carried logic and memory, as a semiconductor device which forms the electric conduction film by 
this invention. 

[0079] The formation approach of the electroless deposition equipment of this invention and the electric 
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conduction film is not limited to the gestalt of the above-mentioned operation. For example, the 
combination which performs the spin coat on a spin table, plating by paddle processing, or plating with 
electroless deposition equipment 1 can be used properly not only the above but if needed. Moreover, the 
electroless deposition equipment of this invention cannot be restricted to the cobalt system electroless 
deposition for barrier metal, and the copper electroless deposition for wiring, and can be applied also to 
the electroless deposition of other metals. Furthermore, the formation approach of the electric 
conduction film of this invention can be applied to a DAMASHIN process (slot wiring formation 
process) or a dual DAMASHIN process (process which forms slot wiring and contact in coincidence) at 
all, and can be applied also to the formation process of only contact. In addition, modification various in 
the range which does not deviate from the summary of this invention is possible. 
[0080] 

[Effect of the Invention] According to the electroless deposition equipment of this invention, since 
precipitate of the pH decrease of the plating liquid by oxidation of plating liquid, volatilization of 
ammonia, etc., the hydroxide of a metal ion, etc. can be prevented because you make it filled up with 
inert gas, such as nitrogen heated by the plating bath, fluctuation of the plating rate by aging of plating 
liquid can be prevented, and the electroless deposition equipment which can plate to homogeneity can be 
realized. Moreover, reduction of LIFE of the plating liquid by the reduction reaction with a reducing 
agent can be prevented by taking means by which a reducing agent and the 2nd metallic material supply 
the chelate solution of the 1st metallic material independently. Moreover, it can carry out without 
washing and pretreatment before and behind electroless deposition moving a plated object, and can use 
properly according to the class of plating of washing of a plated field performed without separating a 
plated field from an external ambient atmosphere with pretreatment within a plating bath, electroless 
deposition, and a plating bath, pretreatment, etc. 

[0081] According to the formation approach of the electric conduction film of this invention, since 
precipitate of the pH decrease of the plating liquid by oxidation of plating liquid, volatilization of 
ammonia, etc., the hydroxide of a metal ion, etc. can be prevented, it can plate with your making it filled 
up with inert gas, such as nitrogen heated by the plating bath, to homogeneity by the ability preventing 
fluctuation of the plating rate by aging of plating liquid. Moreover, when a reducing agent and the 2nd 
metallic material supply the chelate solution of the 1st metallic material independently, reduction of 
LIFE of the plating liquid by the reduction reaction with a reducing agent can be prevented. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the outline block diagram of the electroless deposition equipment of this 
invention. 

[Drawing 2] Drawing 2 is an outline block diagram at the time of forming the electroless deposition 
equipment concerning this invention with up equipment and lower equipment. 

[Drawing 3] Drawing 3 is drawing for paddle processing to explain the actuation in the case of plating, 
and (a) shows even the process at which (c) rotates a spin table and shakes off plating liquid to the 
process to which (b) carries out paddle processing to the process which supplies plating liquid on a 
wafer. 

[Drawing 4] Drawing 4 is drawing having shown the supply approach of the electroless deposition 
liquid in the case of performing electroless deposition using the electroless deposition equipment 
concerning this invention. 

[Drawing 5] Drawing 5 is the sectional view of the semiconductor device which formed the electric 
conduction film by the formation approach of the electric conduction film concerning this operation 
gestalt. 

[Drawing 6] Drawing 6 is the sectional view showing the electric conduction film formation process at 
the time of applying the formation approach of the electric conduction film concerning this invention to 
a semiconductor device, in (a), to the formation process of the 1st wiring, (b) shows even the formation 
process of the 1st etching stopper film, and (c) shows even the opening process of pattern opening to the 
1st etching stopper film. 

[Drawing 7] Drawing 7 shows the process of a continuation of drawing 6 , (a) shows even the formation 
process of the 2nd etching stopper film, and (b) shows even the opening process of the slot for wiring, 
and a contact hole. 

[Drawing 8] Drawing 8 shows the process of a continuation of drawing 7 , (a) shows even the formation 
process of a barrier metal layer, and (b) shows even the deposition process of the electric conduction 
film (copper). 

[Drawing 9] Drawing 9 is drawing for explaining the process which makes barrier metal form 
alternatively only on the electric conduction film (copper) of the semiconductor device shown in 
drawin g 5 . 

[Description of Notations] 

1 [ - Heater, ] - Electroless deposition equipment, 10 - Lower equipment, 1 1 -- A spin table, 1 la 12 — 
An outside tub, 13 A scrub member, 14, 15, 16, 17, 18 - Piping, 19 [ Heater, ] A tank, 20 -- Up 
equipment, 21 - A plating cup, 21a 22 - An agitator, 23 A seal member, 24, 25, 26, 27 - Piping, 30 
[ - The 1st etching stopper film, ] » A semi-conductor substrate, 40 ~ The 1st insulator layer, 41 -- The 
2nd insulator layer, 42 43 -- The 3rd insulator layer, 44 - The 2nd etching stopper film, 50 -- The 1st 
wiring, 51 51a [ - Pattern opening, C2 / — A contact hole, Gl, G2 / The slot for wiring, P / - A plug, 
W2 / - The 2nd wiring, W3 / - The 3rd wiring. ] - 52 A barrier metal layer, 52a - A conductive layer, 
Rl, R2 The resist film, CI 
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[0018] ±Mlcr)*%Pficr>te'm* -v *§StCtt. * 

* iWStttf* J> « v «r V^-Tiixtn b'Otfxx 
*»£ft»U HHf*»fc J 0 3tt* 

1 v - y mm z mmi tm2 &mtm t 

7ERIS t Ihtv^WWU? com-* BfiiLLTH*. 

[00193 ±m?>*mie>m'mx -y^mmzxti 

li. ^y*»KMfeSftfcH3R*^f5ffi1fc!r^**«* 

•y^*aw>ft»*$ v*ttmiz&mz 

&ZZb%<ftoZbtfX'Z. *<y*WftX<7)mmWk 

mmm* >y * , & i ^ >y 7 *nmmfr ^ 
I. 

[00203 ttz. ±jEtf)awtaww*fcft. *^ B J 

***IIW-**8rcaoT, ft* >y*ttm<?>m* -y^r 
t SBElfeX "ydrffiSr^HH^^IlT SlSfc . KfE 



*mm<7yjr%< t i>mm* v^mt* 
[0021] mi* y *mmxmza^x . mie^m 

&z\ki>XZ&. 

[0022] mm. msMHORb ix . wtt-r 

[0023] *m&nmmmis&m3.. umizit. 
g?ie^ -y*w.&tei.mzi5^x. 'j?%< b i>msm 1 a 

fmwt. m&v^mmtJMizts^x. &%<t\> 
mesa 1 ^mwmaxr/mi^itm^tim 1 mmt . 
'j?%<bi>m&2&mm-£tjn2®mb. 

hut. mmizte. ffiux'y^m.m&xmKL&^x. >}? 
%<b i>mm 1 ^mmAtsxx/mmmi-ttsm 1 
mm . 'j?%< b i>mm2£mw-\}s xvmmTtm 

[0024] ui<r>ifwnmm^mmmx'\t . m 
m. v^ttm^n®* v^mnimvm. axis 

®n>bffix. m*-y*mmmmmm*'*.%b°^ 
ft&tfxh&wtTyii-TtfzKb'vjfzx'yzmzit 
4. mz. y*wizx v*m& 

teLXttlX'v^mnX'yttfto. Z\<r>b%. X>y*W. 
Z-%mUZ%miX33<ZblzJ;t)X'y*<7)\'-y% 

mm±ti. f&i&m&mmu-hmmzm 
7tmbm2±mmbit. mzmi-i^mbhzb 

lz±*). Mm\bV>M7iKfci<z£h* •y*Wi<7)y'f7<7) 

®&m±vx^&. 

[0025] m<v*m<?>&nmmftuimiziti 
mzith - b x. mmiz£6 * v ^m^mnzkh^it 

iZ±&Xv*l—h<?)3&hm±X'Z. ^-y^Sr%-t 
ftoZbtfXZh. 
[0026] 

\mi<rmwmw\ jaric. *^oii^<3?^«y^^ 

[ 0 0 2 7 ] 0 1 J4*HJt^S«0iim^ -y ^^HO«l 
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B2 0fcJ:trFas§£Bl Ofrhtch. TSBSBlOti, 

it, x^yf—y/vi irtta«>ii4nfct-^ 1 1 

t* «0*»**I2**>* > 9 hWW 
fcl 5, 16, 17, fcJt^iW\Wfr4>8HxfcJWI 
OlI^SriRS'f S^l 2, ^x-yNWtfOSffi^a^-f 
4aS*«*^HS<0^>'^*»feftlS^-4E*14, ^x 
-A<oKffl^^5^l)^^7^aWl 3&t>£>li 

iie^Tasgsi o-cii, »ri,xt- 

ftflK f»ML *y*&tV)^&ffdC:t#n:'#l>. 

CO 0 2 8] ±M$m.2 0«2, ^7«77*(>7^ 
») 2 It, ^7^772 lfcSJb&aflfct-^ 

1 at, ffl¥H2 2fc« *v*t!-yT2lMZ. «*. 

Haas. «w^7^a. ^vstt^x^^^^y 

^W>"<*»6**l*h.fl8M-*i»2 4, 2 5, 2 
6 , 2 7 t , *^oH1E)»^ - y ^^B^jftftts K 

S^-A^W2 3*if*»A>*lSS)h.TV^6. 
[0 0 2 9] ±iec7)4|«jg^.yJrga^fflV^T, >7x- 

«W<0*«IW-X-ydfClis *B»^.y#S-fi ; d«^tL 
T, 2 o<0flUS£ 4. -fi*>t>, T$£S! 

Bl 0W*£fflUT, Xty^B*I.V^±A'H;l^!iafc 
=tO^-ydf-ri»^rSt, ^7^772UXtyf- 

tvh i z&fr&bttmnm* -y*ms i 

[00 3 0] 02 fi, ^7«7/2 1 txh-yr-y 

;n i t j: o , *mx -y^ga i 

tt»J*0T*4. ±IB^'y d f*-yT2 

-***ffltvc±#N»BtoS£T. >7^f*772 1t 
^i-AWW8MS^^-^» 2 3 twct 9®*tL 

[003 1] ±f£(7)02 tC*-t*m{S^ -y*§§B 1 £JB 

wc, -y &fif 3 mmt . * 

•f, 02t^-rxtf>r-^H lfc?x-AWj&HH9 

itfS*S^ 7^*772 1 rtK^SR-t*. C^t 
^ -y*# 772 1 CT0*<D#tM©S:l£tt, A y*# y 

7-2 1 M9fMr*mt\,%#t>* ??2 imm. 

WPcoaUEfc"*^ i t t«k 0 , ^ -y *?g<7)«&$S4>* 

tzc>m&m2zmzit%tft>. ■m^nty?*^ 

7*2 1 t,ZMtb&ttl?zt-f 11a, 2 1 afc*ivWl 
«7x-AWi3j:^ y^>yr21rtOl 



tffffctl, W¥t^2£J:l>*y*&<DJffNft8, h- 
?lla, 2 l at^MlS^O, >7x-aw± 

[0032]* -y **T«, II 1 t^-f A a t, flitf 

xtryf- tvh i*t»s*» ^7^*772 lrtw 

^ y *ft£*Mf 1 2 Mzmitith . £*>t#, 0*iiL 
"O^firVvtf, *y*#<y72 1 t^ft^x-AWt*) 
BWc. isill^«y^-S:iftft, #firT4^ ttcioT, 
^7^7721 36»fe<7>aWfii*Hi±-r6i t #Jff £ L 
v\ iwBOrcxeyTr- 7VH l £EMES-£4£fclc 
,1:0, -7x-yNW<7)^B^#*L^-y*?8t$:, 

lf24SrjifCtt*Sr'7x-AW(?5^ffl{ClR^o{t5i 
kick 9, ft***. 

[ 0 0 3 3 ] TSflUB 1 0 fcfflwc , a- H/W§a 
K£9*m»?^^4;frftfcovvclPJ^.&„ 03 

t±, TaaiBi ocioT, AKWBa 

0, *v**1T3^<0l^£K«^4fcfc<0H'e* 
4. t-f. 03 (a) t^fidC, xt°yr-7';n 
lfcHKS-WnPfc, **v^iflt±S*fe**T, ^-y 

x-T'/H l^tHfeLTV^*&Wi, Sff 1 7aSr»7 

•**T*»JSW\ K^, 03 (b) t^H-J^K, ^<-y 
*aMj6^ffifctf6*-j/ski*T, xtyf-7yn 

(fgJSO ) Sr^TP . 03 ( c ) tc^-f J: x 
tyf-7/H 1 StUIIkS^T^ v*mz*:(r)wm.v>m 
bltizi. 9 , JS9«J5 . ±12^0 3(a)-(c)4t 

<?>£xnz&im<?>£gfc& t x m *) m-tz 1 1 <t o , 

^■y*S:tT3Ct* { T-^l.. ±IE^j£(i. ^<-y*?§tC 
^x-AWSraa^-^-C^ -ydrSrlf 3 D i p^^=>, X 

V^XtfyJWi^fcit^T. ffiffl-fl»^-y=>f?fiiS:«^ 

[00 34] =5:fc, ±R<o*ffi*lf3«^t:, xtyf 
-r;H lK*a6&4ftrt:t-? l lattiO, ^x- 
AWcoiaSSrl^t&CfC, ^7^^7JfiS<oi5 

9\izm«\,zmL. mx4>Ymwm&hxim 

[ 0 0 3 5 3 04 (i, mm* -y * 8lB 1 SrfflV^Tiim 
-y * Srff p i§rit<7)mW8X t *«<0fl«ft*J6** L 
fcBfr**. 04 (a) H«y7*8l:«fl 

EW2 6a, 2 6b*^SiJ^^-y*^-y7°2 1rt / vffi 

•?*niz%tti&]&.ttZm--c?>9y9'Vl.£rltztm 



!(7) 001-316834 ( P 2 0 0 1 - 3 1 6 8 3 4 A) 



Wtlb* &l&#tl t S.MzKfcLXL£\<\ X-y*m<7) 

7 7*2 lrWJt&U M#«2 2C±0S^LT. IK 
jB*-y*£ffd. **J, ^•y*«MO*»tt, *-y*?8 

X/U^fJ-CK^ . * * -y 7 2 1 ft tffitt 

[ 0 0 3 6 ] 04 ( b ) T'ti. HUMP* -y^f-afc***! 

1 9fcJ5rJg*>«Iire«SfU 1£©2 6#> 

>y*# "yX2 1 |*}<0.X "ydfyg^HlllXLTS^^y^ 1 9 
'^mtZblzi*)^ ^7W7/21^7^S:ti 
«3-liT*lC* "y^^-cOffljSt^S IdfcU:*! 
£*>W?*i. £*>«tt*ftli, ^•y^^RiSfciO 

[00 3 7] &i>, 04 (a) b®4 (b) 

J: *) * -y -y 7 2 1 L&*>% » > y =¥ £E* 

^ y^M^^l 91*1 
■C««B8Wk* flIIH t , > -y *80ttJBSWte § h C± 
W$r#&, ^7^772 lrt<?X*-y 
ttfc* >y *?K#%-tf>ii&Jifci ftl> i 3 fc-t* £ 1 4>T»Ti6 
Etl8fcJ:9, *-y*;$-y7*2 ll*IO 
^.ydr^HHRLT, »S8^^19tM^i:t>nr 

i:i»]UlT*S. JilE^-y^f*y7°2 l^^-ydf?S 

4. 

[0038] ±M<?>*minmffim.<?)mmMx 7 

s** i fc x\ mmvmt>x-nmmtt.iz z h%\th 
hWiwrnzmiLX-th. jx.ydrffitfKoryt 
-rtixrtimzttp Hco&riW±X't . *-v*m 
tzmtteXA' h iitA,wh*&£tt* ox/I' m * 
><r>*mmnffl®.*$i&.-?&zttfx'*z>. ^ 

£j:4;^7°«TlT3C:fca ? i:*#4. 

■y *mmmm^ x i t &< *t 3 i 

ttz. *v**>v7te£X/Xty?-7)\s 

7/1^ ;>< -y *ti v 7*»ttfiS WRMS *iT ^4 fc*> , §8 
[0039] *5W!*>iHW.X -/4f»B*fflV^ 
TRW**. 

[ 0 0 4 0 3 0 5 li, *9gfc^Cffi43«lK0«J&jr 



m o s h ? y vx 9*>%<r>®.cr>*m\m=i- Lfc* 

$IJi4 0 ft/CfcOs ^1 ffeJSSU 0 «cli#»* 
«K3 0fcaW4BIIP*3WBlS«f*i"C*JO, M. 

miWM.5otw&2tix^i. mummtotstv 

m l Etft5 0 o±/!K, WitfiMtv' f 3 vfrht£h% 

2*6»as4i, mfc^vayfr^imi^-yj-y/x 

h-y/N°4 2. Rft^y3^*^44JS3l6»R4 3tJj: 
l^S-fl:^ y a 2 X -y ^-y^X h -y ys'4 4 *»* 

[004 1] ±EW»3IMMl43tJj:^ll2Xv^y 
h .yyN-4 4 tC(t, IB^ffl* ( G 1 , G 2 ) WBlRS 
tlXtS*). $<o(C SI2«fiKK4 1^^1X7^ 

2* J ±iEBeiftffl»G l 

«Sffl«Glrt, <ttXEgtffl»G 2 WCfcV^T , S 

ffi^wttrcowp ( yys-^*-fS3>N>h • 

tl^a^nT^^ix. ny?? h*-;PC 2feJ:^i2 
Hffl^Gl rttcay^^y h7'5^PfcJ:^2EIIW2 

*>\ fflmmG2fti,zmEmf3tf*ti?tiMigLzti 

hr?/P^LTT*i»"Cft*IISli»5 0t:«« 

[0042] ±IE^WR<o»iR*ffit:-3V^T , 0ffi& 
SSBl/CKWS. 06 (a) C^ti^C, M 

osv7->i;x9**<m<&mtom- (^0^) s:^ 

SLfc^fl^RBOiK. fffitfCVD (Chemical V 
apor Deposition ) tt^ferj: "JUMt^'J 3>t*MIS 
-ti\ »l«aWR4 0*»jS"f6. <Kt^ ^1^H4 0 
fc#SW««3 0lc**-6IHP«£#J*U ^'J^ 

y a y$>i» v^{±^ ^^^y*if^Wtttmt«*a 

XT®lii«5 0S:^jS-rS. 
[0043] ^{C, 06 (b) iZ^tiolZ. mt&C 

izfflkisv ay&mz-tt. m2wmm 1 
^f>iz^<D±m^z. mz_i£cvDmz**)miki'V3y 

[0044] 06 (c) ^-fidt. 7tM) 

y^7-<-xstJ: , 3. mix-v+y?zhvm2 
colMlzayy? Y-fc-ivtrv^-yizffiwthWx 

MRR1*^-~V^JRU 1^^'Xh^Rl^vX 
7 1 L-TR I e (RiCtt'f jj-yx.yf-y^) it'<W7 

f-y^^ULT, miX-y^y/Xh-y/>°4 2t^LT 
IS 1*63*114 l<0±M£*ffi3-£*><*-i'IBPac 1 
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[0045] fcfc, 07(a) IZijitX 0 |C. WiWfC 

^h^t4 2»±JIfc||ft^y3>tiMI3*. £3 
ttMM4 3£0jSU ^C-e^XJIC. WitfCVD 

[0046] JWC, 07 (b) |3j??J:d(C. 

y?4 4 ©JJifcSllffla^V't^-yKBBP'tS l/5>* h 
HR2*^-xy^»jS't6. arte. U5>*HBR2 
£7*?iLTRIE5rfc"OX-:/f-y;?'£ifcL-C, SS2 
x.yf-y^h-y^44S:A^-yjniU s §4>te, 

\x.v+*yx h -yn-4 2t« ur»2»iMi4 3 *a 

kVWCyf-i^fcitU m3imm43ii£lS%i22.-y 
J-y?X V v*A 4 [zWmm ( G 1 . G 2 ) *#Jfct 

t. zntz* smrn (gi , G2> t^sfswrtt 

1 x y f- y ^x h •/ a'4 2 Lfcy -> 

4 2 * k LTA^-vngpgpc i i ffitt 

H4 1t>x.y^y?m£$*u miiHH5 0O±ffiSrH 
3 y?? h*-/kC 2**ffi&ffl8IG 1 taaL 

[004 7] 08 (a) CS^idt, 3>-^^ 

h*-/pc 2fcctylHmffl» ( g i , g 2 ) *>i*«iH* 

wmix±m^ *mmbimvM* ~y*%miz£ 
vmnrntLxmiifcowp (uvt*jrt*3^ 

$>tz~>xi*. mnm* vwsnmt lx. &x >y*n 

B ( Itffcy 'J 3 y £ k'^J&IMlBfc J; t/IH, # U ^ f 
3y&*Wi*y^XTVfck*tfflHHHaw) Jito*? 

OiSttfl: (Mm:) k**cs*. 
[0048] isi (Ifck'jyx) . 

4-f, ±ta<O^x-AWSr01(^-rxeyr-7';H 
1 (ci%X t , •> x n W^fflfclMf 1 5 *> 4>tt*S: ffitt 

zbij-smx'bh. 

[0 04 9] IS 2 : IM&8. 
MZ, llK^Xty^-y/H 1±T\ 

( 1 ) 



sr, **?**iB (iifc^yav, mitiso^y. m 
lffl&commm) izmmzmixm-itmt. miz 

*KS (-OHS) £SALT, tfcXy**JB£li*fc 

*ry**, «m • iUMb*«ii. 

(2) a*yyx 
Xglkliai£>*!UI£fifv\ ^-Afflffi 

(3) i^y (f-^y) tvrvyrum 

mz. y^y* -yTU y^Jfc&V W-?y# yTU y 

/#J&k"^yTyy^£$^*Bfc{fe£U JJB 

#mb±%M>y7vymt&mm&iiit&. zti 

lz£ <0 . »:Xg^«iffl^°7> f '7^3a>f b*#_bie# -y 

(4) *E*yyx 

( 5 ) smssa 

^JS$:-g-tf^2:a^-y^ffl^«*&L, mtxXcox 

xmTZt-yTvyfmzmmsz&x. 

fllifcf. y7 , l'-acOCatalyst9F x Enthone-OMI tt^OEn 
Plate Activator444^Srffl<r->I.Ck* { t'#l>. 

(6) Wkoyx 

mz. xm tmrnovmift^K ^x-ask^ 

( 7 ) vSttft^M 

^ -y^-B^. ^J^.{f yTl'- &<DAcceleratorl 
9 , Accelerator240^S:tt*&L.T, JJBWfcXXClHi 

ai 5^rA±(c»cS*ifci!*«*flHf S £ k t-=5r 

(8) *ifi*yy* 

mz. xm bffi&nymiftw v*-^mm&m 

(9) *ey«e$ 

xw>±o«a*JWKS** (xeyiat) . ± 
K<0ISS*f 1 1> t^Tff 3 ifiSRi* < , ( l ) m. 
*-fb^a, ( 2 ) <o*fi*u vx x ( 4 ) coi»6*'j yx, 
( 5 ) <mmam&w±. %&iz£ 'om^mx-h 
s. 

[0 0 5 0] XS3 : A'Ur^^/l^SWff^v^f. 
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■/ *? x -swrmmizm ix , mx •* *m 

£MlZi%-%m. (OA'iJ 7* */H 5 1 ZBfctl . m 

M , Ni P (Vyt^-th-v-inls) , CoWP 
CJ^Sr^W'r&nyN'^h • ^y^T-y^) . Ni 
WP ( VyZis^-fh-y'riV- ?V<fXi-V&k) . 

c o m o p ( y >£li?rtz 3^)V v • * u /fv^ 

NiMoP {^VkiS^-fh-'y'DV- t'J/f 

mtzj<v t* ?>i>&ztt5--rmftz&%;i-m 2& 

mm (A'»J7-X*^£CoP, N i PT'^tl.%^ 

mm*y?JT<7)Wii^m (in* 

[ 0 0 5 1 ] Z ZX\ H4 ( a ) X'TjkLtii. 0 fc, ±f£ 
'y ^f&OS-J&frS: 2 tzte 3 o<7) ? > 9 lZfti*<,Z 
mi. m.'mm (26a. 26b- • • ) fcj: OSU 
*C«£LT, «f#«2 2CJ: 9^*^72 1 l*TC 
i^LT^-y^fi^. ^r*5. ^ -y** -yT2 l^fff 
M-oLT, *'v**'vT2\nz&l&lXi*Zi\.\ t 
tz. 1114(b) IZmLtz. X -y*t v72 1 <H<DX -y* 

mmmz *th^&* mi h z t h x-z s „ 
[0052] muz. &T(r>&m*w\>*i l z?>?i l z& 

8U *-y**r-yT2llzWi1&-f&. 
CoP s N i PyN'UT^^/l-. 

®ig i &mmm ® (ss 1 &m&¥-\. w. 1 * u- vm. 

*2*V-Mfflfc J:tfp H«W«rif*»4>=0r6 ) 
©jfTcflJ (WSWfeiUfpHIMBW^if**^*) 
±E««KR* p HWBWt J; 0 , PH7-12 CMS 
L/C, ^»*#772^«»ti. 
CoWP, Niwp (CoMoP, n i MoP) Ayr 

*9iV ( 1 ) . 

m2±mmmm m2±mm&£VpnmBm: 

JJEO«a8»ftpHWBRUcJ:"3, pH8~12(c|SS 
LT, ^-y^«y 7-2 1^^6. 
CoWP, NiWP (CoMoP, NiMoP)yN'U7 
(2) . 

ass i &itttmffi ( m i awm, * i * v- h 

SS2dpv-hffll3«k^pH«»W=Srif*»fe ! Srft) 
JtfpHIIWWr 

iJEO#lS&£ p Ham(c i «J , P H 8~ 1 2 fcffflg 



LX. >y72 l<\mth, 

[0053] iJB^J: o fc, JjlKfc^J^fcfiiJIU ^ 

•ydf^ ^7*2 1 rt*fci4*«>*irra^*ii: Lfc 

iz* •v*mj ytmt ■tmxim$tiw>k tx it o 
frbx-hh. mtxwi2&m®ti i mtetihzt\ l z£ 

tcft^L. *'y*i]v?2 imtzli.X y*#>y72 1 
<y)#l5rciS^1-*c:tt UctWS>4. =5rfc. ±S&> 

[0054] zzx'zcomm^^y-^mvMx -/ 

*£03fc*t\kofc:, xtyf-7/H l±t\ xt 
y ? - h S \>W N" H fl^Sl* tT t> ^ >y 4*^867* 

(i, n 2 t^-t^ 7^7721 "cess* if wae 

■C, KSCJ:l»^'y d f?S^L pamm\^t'i}^7 
yt-Ttfmftt&ZblzXlplKoi&T. fcil^ayN' 
;p b*iMk*<oftlW84t B6±-f * Z b * { T'# 5 . =5: 

[0055] %mimm.e>± o iz* 772 1 i*re 
mm-fh* -y*%Lb ®&&<d$>i oomi s,timmx 

3 0^\2 0®fflV}< y*mm£'€oZbl,zJ: 

Wh\ 0 0ml 5rffiffl-fS*i^. ^ y^-yr21rt"C 
ti^i-y\W±C3mm<y)$&9fc'Kfc#*'ofc.l>. =5: 

7;H l<y)[lIKT'^TI)MSr-i-^"C^x-AW^BC?S 
S0-f-SOC$«j5 0m 1 <mX'h 0 , > -y^-ttcO*: 
ftK2E]«"5jB'tkUT, »10 0ml{4«eWk#ife 

[00 56] iCLT, 114 (b) t^-tiofc, >>y^f 
JgMSr-H^y7tcffii6-C?i^L,> X>y*t}-y~T2lb 
<0ia*S«P2 6fcJ:^18K:J:9, ffi»5^4«^fc 

•y h;l-* ^ V 9 1 9 1*1^ IX H < . * 1 9 
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fc i 5«SHb< v*|»i#[btrt* , 1 Oft 
JSUi^x-AW^-y^J&farffiT**. M.^y 
*»M<DflMSW*#*LT fc» 5B#IS! ( 1 'J -y WH£ 
ffl) X'P%<t i> 1 OtfcX >y*T##ltf , A'K;HIt 
<D 1 0 0 m 1 /ftfciaW^IS**** 0 , * <y*m»0M 

[0057] ±MimX -y^««)»«jM£OV»T, KWf 

tififl:- >y a^'/U b S> £ v -y insists 

it&faZRi^hzbtfX'Z. mm i o~i oog/y 

^£W*y^X^>**v*tt*y:/f f y£-£tMfc£» 
Srffllf Witf 3-3 0 g/'J -y h/KOjg 
Sh-fl.. CoPMWiNiPWN'ijw^ 

[0058]*^, ±ie^Mtt-< a mm i ig-fb 
mtixte. mm. ^us^y, r^-y. A*y> > n 

-fyy s ^rvo^yy, ^f-^--y N 7x^/PT5- 
y, ra'jy, h'j7°h7ry, tyy, M^-y, 
fDyy, rx^^fy, //kJ'Sy. yxf'fy, ^ 
/k?sy!L r^wylL y^y* tx^-yy, r 
)V¥- vtt ZCOT 5 /Kfcffi v v& i t » Ml 2 
~5 0 g/'J >y hyl/OSSfc-TS. £*>*l«HfcS«i, 

[0 0 5 9] ±E^«y#R*BSr{E3ii-i*2« 

ry^-^A, ^xyiryt-^i*, 7ayi7yt 

[ 0 0 6 0 ] ±E<0S7C^Ji: LTt±, fiUtfjXE 
'jyKry^-^A. dvi^yy. /y^y/PBL t 

2-2 0 0 g/'J v M'OaUEfc'f t. 

i o o 6 1 1 ±izcopHmm\t urn. *iwt 

Tyt— TMAH (tetramethylammoniumhydroxi 

de) . ry^-r^f ^fflV^it*«T#, ukojm 

mm (pH**7~i 2, »2Awro*.x«y*stc* 

ft*«^(Cttp H8-12) i &S J: d (3K£ffi[Rlft& 

ifflft*. ±ieoidtc, mz. cowp*jg«W4fc 

#>Oi£ttfl?^ -y df mt LXii. fl^fcO* -y P H 
^SfSo P H 6 8 £1±(CM8 LT *J < £ fc * U V \ 

ifui, ^y^xry^Ty^-^AS-^co^T-ai 



y*-?A#2*/W2LbB®t\ ry^-T^JfULT 
P H#8 fcTEIS t * v^fys^lM LT It 0 

frhx-bh. ^zr^vwry^-fj^cnm^mmx' 
rwaiL^r<, pH^ittm«f]S^{iir«fajt^t< 

»2AM*m**«)6ii: , C, aA;PhfcJ;lX 

[0062] ±Mi<D&mwm* -y *m$., m 1 

2 0~9 5 a C{ciSS§iiTV^Si L< , ay\> 

h**trfl:^W*JBv^«^fc:tt, tffc5 0~9 5W> 

2 0 'Ch I Mi 5 0 "CfelTOiMtC* I. i: ^ -y 

frhX'hh. 

[0063] IMazti^XBtfLZtl&'VJTXffrmt 

zmmt Lxa. ±swm 1 ^wmt ^2^js« 

&tW&>±J6to*$tet&8 1 LTaA> 

r^^fiB*ft*-f 4»2*SBfSi: LT^y^Xf-y 
Aiv^i* y ^ry**tHk^«*fflv^*&KI4, c 
oW (ny^h • ^y/xf^#) < Niw (r:.y^ 
/h^y/xfy^) . coMo (-artivv-^)? 

r'y-^) , NiMo {-y*r)V- t'J^fyAi) 

Sfjfc LTiXS'J yKry^-^Aifflv^^tuiy y 

tt» iHlKliCoWP (UySr##tl>a^h • ^y 
/x-fyiN*) *«fBW>^AIR*»«t« 

t> Httc y y* j ix o^^ixi. . 
[oo64] is4 : m$m_ 
tiicommmx •y*»T&. xtyf-^ 11^7 
^•yT2 1 tzirnix, %m.M*v*mmi2 

^SMc-tS. 4fcli» 04 (b) tf)fltj££fc£«£fc 
tt» ffi«l 8tJ:iJ>7*»MS^y? 1 9fc0JRLT 

y^f* -y 7'2 1 rtKjftfe . S#«2 2 £0!|&S 
**4ifUT^<y** > y7 , 2 «>i 
-yNWcoa^Srffd. |i6yKS-xtryr-7*;H 1 
fc^< ydf* 772 1 (DftmzZi BJ^Xtyx 
-7;H l±c7)^x-yNW||ffltc^yf<5rtt^L-C, 

[0065] JM5 : ®mmm* 
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IX* 08 (b) KjKf i-scr. mzmrtfrbfy? 

xfy&'&m%t'wjT?<?jm5 1 zmtm (mm 

^h*-;PC2fcJ;yiHllffl?f (Gl, G2)|*i££ffl 
PH 

[0067] ±f E^fTCIItM.* 7 * £*sm#M 7 * 

U ftlfrt*. _B*LfcpHiiS0W 
fcj:"3. pH#7~l 2b%&X?lzm&lX}5<. ± 

w*im* ydfjaatt. a>j */uf 5 1 oftoactt 

mmizimxi* > £*u= <t Ofte^y 

se^^-r * -r t ic* o * %.®%m&i>'iU z t wx 

xm < . «w»f aw-* fc^-cswitfif^j: a aajs-c 

^^h*-^C2fc t klXiEHffl» (Gl , G2)l*l££ 

f&ixt>£\\ %ts. mnMtmxvwt* mmwj 
T*9iw)*m»x -y^fiifc'^ »,*m.tm<%< , p 

H^lftt U:< vvfcfc. 113 ftUSllz i 9 

■X-y^&fr^fcfcTOfreft*. 
[00 68] 1*16 

sr mis $ ^xmmmx * #«**hi 1 2 t . 

[0069] ±IBO<}: 3 V TX 9)Vm 5 1 ff)±M 
l:« 3V*?h*wi/C2fcJ:tfI«JHi»-<Gi, G 

2) rtfc£IBfcS*>&X/?. WiWflHfcJilKS-th 

MttfCMP (Chemical Mechani 
cal Polishing ) ffid&ffieMa. R I E&k'KJ;* 
x-yf-A-y^ffiSfciO. n>^^h*-;UC2i3J:^ 
ISISfflS (G 1 , G2 ) <0^K*RUi#1OT5 2i5 

«tt/A*ur^^;H5 i &i$*-t*. a±^xmzx 
[0070] m2mmmm. 



•y *«fflroH**K§ •£•!> ££#*?£*, ±IEcOfflSrtft 

*£a6<yji«jsf* . y *«yi^ -y^ffi^ifi^tjj: 

[0066] 

: 5~5 0 g/D 7 h/l^ 
EDTA (xf-uy^TSVBBK) Sri:') 
2 0~4 0g/U 7^ 
2 5~2 5 0g/Uyb^ 
2 0~5 0'C 
7-1 2 
1 — 1 Omi n 

fc. B5fc^^fl«ttO«»fc>fc**ilWJl5 2 
±fc*>*;< «; */P£a«lHfcj£IH3-£* 
ft*. £*itt, #8W*«ll<0^Jiiltt*»«t-**&t: 

tZJVJTX flViffifcth'&mtfhhfrhXhh. ±M 
[0 0 7 1 ] XMl : tt*«s». 

ytfrtMmi 5*Mtxm.mteLxn*m*'ft 

[00 72] 1^2 : iMl . 

[007 3] IS3 : ttTjI!US2 _ 
mz, M2<7teWMX 7^S1 Srffi^L. HS-ff^ 
^(PdClj ) «W«f«t^»**'yr21rt 

Hmt x i><nx\ mmsmnj 

Offl-f s *> weft* . M&u "St Mztt«xwmt 
^■mzs&c&mxhhfrt), ®m*x<me>®Mizi¥^ 
xmazti&mTtf. m&*<7)%&mxt>%>uwj* 
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LXim$.tf3 0-5 O'C, p Hl~2(?)lig^^y 
itf. $9iILffiffl*m-e;5l>. i^t. 04 (b) <7) 
[00 74] JMA :m$iW. 

£>T. ttf#182 2^[Ilte§-ti:T. *7*#77 0 2 ll*I<y) 

-77H 1 -yr 2 1 ZttMLXWkZftm 1 
2>\#M<U gj£xtryT-7VH l±W*-^w% 

1 0 0 7 5 ] IS 5 : A 'J 7* ^/loMJRHmS?.* 7 * 
ftfc, H2c7)^ -y*#7 7° 2 lftT. ±f B^HKc J: 9 
l4«Stt$^^-y=¥*ffi (gfljg|?)*iffl) fc</Ui£C 
o, CoWP, CoMoP%t'W<V7*?)l'£mVffl 

t^^-y^fciDB^-rs. >iois«. mm. 
mmxmm itzmnm* mmx-h i tz#mm%& 
mi. 

[00 76] XM6 

*m»^-ydf^^»l 2^®*t.tz\Z?l>"? 1 9 tHI 

wm.mmhc\ktfx'%h. 
[0077] i&mmizfohm%Wk<ommmz xti 
* -y*# 7 7-2 1 wzmmtitzmmmcDT-'mtf 
xzummtiztx. ^7*i£oi«, 7y*-7 

<OWm:Wz£h* 7««pH®T. ^jg^yo* 
®j(:!||j^i:*^^$r©±-C'# * >ydffS^B#^ 

ttt<fc6*'y*^-h^»£lftit-C'#, ;<7*££j- 
ICff a - #"CS & . * . »1 &JStt SO* V- h * 
JKSWt »2^Rtmfc {is £ (ci 

v . aeait oa7cRjet J: s.* y*^^ 7o«^ 

[ 0 0 7 8 ] £*J. *5K8{C i OSWK^JSti^Nf 

fcmwx'$)timx'i>mm^&x'h&. 
[0079] *wa<o*i«if ^ f *mwts£vmmm?> 
j&mrnteiMamfcmmizmfeisti*^. mm. 

x ey T-7>v±.X'<nx tr y n - h h h v ^ * F^jaa 
t J; £ * -y * . i fcH&WM -y * §£S 1 T<0* 7 



a y r ^ ^ )vm<r)3rt>v v zkM'mM* ••/ * , sttHaffl 

»*7*t;:i>3Iffl-f£C:£:tf-e#l>. 
JWB»o»jfcSFiai, /7yy7nt7 (?il»j£7' 
n-fex) ^raT/W^^yT'n-tex (ffESItny:? 

[0080] 

-y *mztm£titzmm<r)^Wim**%m*£& z 
tx\ ry^-TvM&ztzti 
* -y =¥^0 P HffiT, &Jg^ *><?>ymim% b'Oim 

*BSihT**fc«>, ^•y^coS^'fbC«tl)^'y= s f-lx 
-b<9^&S:Ee±T'K ^•y^fS:%-tCfi : a^i:* { t'# 
4*«B^ -y *«B*HBl"?* 4 . » 1 AWTR 
<0^W-hiB«tJl7aWk»2AI(tmi:tt. 

t&^mthztizi*). wmtffM^zxi 

m$m%t'$:* v^nimizx'omibif&zttf 
[0081] mmnmwgfr&fotjmizztitf , ^< -y 

•y ^r^^ p HffiT, ^JS-f * y^^K-fbtt^ fcoimt 
ffi±?Z&tzib. Xv*m<m$f 1 £Mzi.hXv*\'- 
V <V$m* m±X'Z . ^ -y Sri^-fcfi 1 3 i i: 36^* 

SRiac J: 4^ 7 *m<7)J<( y0^ifb±ti z t ifi 

T^4. 

[0fflOfS#=S:UiaH] 

[ a 1 ] m 1 t±*f6BHoaaB)M v ^gmnmrnm 
xht. 

[02] H2I4, ±§P§ISi;TgP^at^^<^: , ?, 

iz&hnmM* >v*mw.zB$LLtz%&<r)®$tm$mx' 
hi. 

[03] 0314, ^JVUmizX*). J«'/**ff3«^ 
«IM^*RWf6fcA^Tai 0 , ( a ) ti^< 
«?x-AJ:fcffi»ft^4ia*"C, ( b ) (iA- H;l/^aSr 
ffaxg^T', (c) (4, Xtfyf— TVW&HIKS-ItT 

[04] 04{i, *^BBfc^l.il«»^7=fSS&ffl^ 
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[05] H5li» MSCffiSWIttSi: 

[06] Heji+^fcffiswwR^jaarffi^wft 

SBKilffl Lfc*&*tiWHRJB«U:8 £ jjcfWBiBI'C* 
"3 , ( a ) 0» 1 Bno»«ie4-e, < b ) ttSB 1 x 
•yfy/Xb •x^«W»Jftia4T, ( c ) (iff 1 x.y 

[H7] H7ttH60**tf>:Eg£ii*U (a)li£2 
x^y^x h >v^mm$cm&X\ ( b ) tiSKJS 

[08] 08ttH7tf«&<OIg*iFU (a)tiA'U 

r^^/n^jBisxsa-c. ( b ) u*«k («h> *>* 

[09] H9ttH5fc^lHW|eSiI<0*W* (ffi) ± 
[01] 



22 




lla-t-?, 12-WI, 13-^5 
7g&tt, 14, 15, 16, 17, 18"ffit\ 19- 
2 0-±«Rlt. 2 1-^7**77. 21a 
-t-*, 2 2-!WHt, 2 3-^-/HW» 2 4, 2 
5, 26, 2 3 0-iNWMHK. 4 0-lfll 

ttttlL 4 l-*2tt«W, 4 
7 y1JIg N 4 3-S3«Ui»L 44-S2x 7 fy/'Xh 
■y^lBL 5 0-B1EBL 51, 51a-A'iJ7^^ 
JT 52, 5 2a-aWl, Rl. R2-W^XhR, 
Cl-^-ygHPa5s C2 -3^?h*-JP, G 
1, G2-S«Wai, P-T9^, W2-SS2IMI, w 

[02] 
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[08] 




50 



m?Mmmw\6T&im^ y- 
mmm ma £a 

Jt0fclWUl|ISHUll6TB7*35* y=. 

(72)»"flt fas an 

*om^iie*iIUi|6TB7*35* y- 



AA05 


BA06 


BA12 


BA14 


BA16 


BA24 


BA32 


BA35 


CA06 


CA07 


DB02 


DB03 


DB05 


DB06 


DB17 


DB18 


EA02 








AA01 


BB01 


BB04 


BB05 


BB07 


BB18 


CC01 


DD08 


DD16 


DD17 


DD22 


DD28 


DD52 


DD53 


DD65 


DD72 


DD75 


EE12 


EE15 


EE17 


FF17 


FF22 


GG09 


GG14 


GG15 


GG16 


HH14 








HH04 


HH07 


HH11 


HH15 


HH19 


JJ04 


JJ07 


JJ11 


JJ15 


JJ19 


KK01 


KK04 


KK11 


KK19 


MM01 


MM02 


MM05 


MM12 


MM13 


NN06 


NN07 


PP27 


PP28 


QQ13 


QQ23 


QQ25 


QQ31 


QQ37 


QQ48 


RR04 


RR06 


SS11 


XX03 


XX04 
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